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I. GENERAL

l. Purpose and Use

Alrborne radar equipment K-IIM is designed for searching
" 'and detecting sea surface moving or stationary targets and
_glarge ground objects irrespective of the optical visibility.

‘ It 18 also meant for ocontrolling guided missiles from
the moment they are released to the moment the tarzet is
destroyed. '

Radar equipment K-IIM is installed on heavy bombers. types

- IY-4KC and TV-16KC, dintended to attack and destroy sea
surface targets with guided missiles.

) ' Before release of a guided missile from the aircraft
‘oarrier the radar equipment allows preparation of the fuided

- ;missile for release to be made and performance of the equip-
1 |ment installed on the guided missile to be checked.

2. Composition of Radar FEquipment

bt o iy s H

A ' | Radar equipment K-IIM 1s completed as follows:

: - Nos o Name of unit : Unit designation |
a 1 Homing antenna SRR =1
2 Receiver-transmitter .. L I=2M .
|
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S s T2 _- 3 ]
. — a
.3 Recelver o I-3 & ;
. o & Sweep unit S J=-4¥ ;?g : g!
" 5| Indicstor unit I=5 ; )
: 6 | Remote indioator (PPR) I-6M o
‘ 7 Autoseleotor - o I-7 E
8 | Regulated rectifier -8 S
9 | Dank and eighting stabilisation J-9 B
S unit . ~ : '
10 | Tracking wnit ‘i£‘~:‘??9" =10 |
11 Control panel R R 3 I=11M |
12 Distridution box - o .K-12M ‘
13 Automatic oontrol box ' . " T-13M
. o 14 | Amplidynes CREE I=14
.t 15 | sighting antemna AR I-158 .
’ '~ '16 | Radio=frequency sighting unit 1~164
.17 Inverters I and IT 1-18 :
18 Course and pitoh stabilisation'.:. I=19 | i
unit . .
19 Remote control panel SR I~20 -é
20 Course indioation unit P =21 \
21 Connection box x I=-22 f'
22 Cables , o =234
23 Coupling waveguide o S T f
24 | High=voltage reotiffer - I=25 3
25 Azimuth gvro with converter - I=27 |
‘ [AT-18 ‘ 3
g 26 Recording unit : I-26 j
- 27 Bighting station (oollimator I=29u ,
o aight) s N - "y
.28 | check board xel - " IKe17 .
. 29 Indicator UKO=42 . '
- 30 Spare parts, tools and acoes=
- auriesn

fotgt 1. Unito J=1 - . oad
lose e O:Jnudf{ 6nd 1=16 are made conatructionally
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‘ J: Main Characteristiog
: Designation
e ® Name of charaocteristios adopted in Value
| desoription
2 3 5
Maximum £llght altitude of H 10 km.
which station operateslin
navigation condition
_ DPistance range \dl 10 im.
l a, 50 m.
a4 100 km.
. a4 - | 200m.
%é Beam width of homing antennat
?3 (a) in H plane & 3.4°
%; {b) in R plane o, 2.5°
if Frequenoy af radlation during fl
% search and homing ,
E‘ | Prequency of sighting system 12
E Pulse power W pulse 90 kW
; Mean powex W rean 60 W
Pulse duration T4 0.5 pseo
; To 1 pmseo,
i 9 | pulse repetition rate during %
gearch -
10 | Pulee repetition rate during N2
a homing
11 | Sensitivity of receiving ohgnngl n 94 av/mW -
i 12 | sensitivity of sighting channe} , 85 ab/mw
13 | crystal oscillator frequenocy Fy - 60 Ko/s
14 | Wobbulation frequency D CeDeBe
: 15 | Main intermediate frequenoy - - 24 30 Mo/s
f 16 | sighting intdrmediate frequency £, ag_no/g
17 | Beam width of sighting antennn oy Mo 2
1
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II. OPERATING PRINCIPLES OF RADAR STATION K=ITM

L. Target Search

Sea surface and ground targets are detected in the same;fi
;'i way as in ordinary Panoramic radar stations. The underlying‘ﬂ f
. principle of target detection is reflection of radio waves.
SRR N The radiation pattern has the form of s beam 3.4° wide
L -+ 1n plane H, and 2.5° wide in planeE.
: ‘The azimuth position of the antenna allows the Airention
i to the reflecting object to be found.
' The speed of antenna rotation is approximately & r p.m.
The 1indicator soreen has a long afterglow propertv and
despite comparatively low antenns speed the operator can
observe reflected signals on the entire surface of the screen.
Apart from ciroular soanning the station is ocapable of
- "painting" space within an acsigned sector.
During sector scanning the brightness and contrast of
ot . the image increase, since the objects within the soanned
‘ seotor are more frequently 1lluminated by the radiated pulses.
’ Nepending upon the distance to the target the operator
- can choose one of four range soales: 10 km., 50 ¥m., 100 km.;
200 km.

The search of g target to attack 1s started on the 200-km.
scale.

in the plan position indicator there are bright rénge
rings (range markers) tho distance between which corresponds

to 10 km., 20 km., 40 ¥m. depending tpon the sweep range soale
used.

) ; When the operator ig required to foous his attention on
- * a certain seotion (sector) of the terrain use 1 made of
sector scanning. o
s The vertiocal dlameter of the PPI screen corresponds to
. *the projectlon of the airoraft longitudinal axis,
Turing the antenna rotation the moment 1t %g trained aleng
the longitudinal axis of the airoraft may be marked on the PPI
soreens with a bright radial line = course line. ‘
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: By using the oourse line, the rotary light filter with g
3%031. (calibrated in degrees from 0° to 360°) the operator

ban determine the course angle of the target. g
Having chosen the target for attack, the operator stops - PR
Bhe antenma in the target direotion. )
Then the operator changes to manual target searoch. ' R
3 The target distance is determined approximately by range \ : 1m
Eharkers. By means of potentiometer RANGE (IANBHOCTD ) located B

E'n control panel J-11M  the operator matches the range -y
narker with the target selected. After Placing the function , f
switch on the panel in position MANUAL IT ( PYYHOE II ) the i
;:perator makes the right and left pulse Pips equal on the trackw
Ring screen by using handvheels AZINUTH (ABMMYT ) and ELEVATION
{( HAKJIOH). The target belng tracked is located in the sweep
fcentre of the tracking indicator. '

; By plaeing potentiometer RANGE on the control panel in

?the middle fixed position the operator locks on the target

gand starts tracking it automatliecally in range.

2 When setting the funotion switochlooated on the control 5
? anel to position AUTOMATIC ( ABT.) the cperator transfers ' ?ﬁ
fithe target to automatic tracking in angular coordinates. ' g

g
4
af
i

13

¥
X
.

R

T

TR

PUEEIL: oty

: Automatioc Tracking and Selection of Target

in Range

s Automaiie tracking and selection of a target in range - vt
fis Accomplished by the following main elements: variable delay "
: irouit, comparator, intepgrator and seleoctor.

% The variahle delay circuit produces a variable-length'

P pulse. The leadins edce of this pulse corresponds to that of
gthe pulse radiated by the antenns, and the trailing edge may

¥ be time-shifted throush variation of the D.0 voltage applied - ‘. A
{to the variable delay oiroult. This voltage s gonerated by *
ji the integrator and 1ts megnitude may be varied either
%manually,‘by potentiometer RANGE on control panel I=11M during
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manual lock-on and tracking of the target in range, or

automatically by means of the comparator circuit during

- automatio target tracking in range. The trailing edge of

the variable-length pulse triggers the sweep of the tracking

- 1ndicator with 10-km. range scale and fixed delay multivibrator.

The multivibrator ensures generation of two gate pulses,

ﬂf range marker and a strobe pulse with a 5=km. range displace=

ment with respeot to the start of the sweep of the tracking

rlindioator.

The gate pulses shifted by 0.7 usec. with respect to
each other are furnished one to the first valve and the other,
to the second valve of the comparator. Apart from bein.-
furnished with gate pulses the both valves of the comparator

- are fed from the receiver output with signals of all targzets

pPioked-up by the antenna. Shifting the trailing edge of the

'-variable-length pulse the operator matches the range marker
- on the tracking indicator with the wanted target echo and

.. whereby locks on the target in range.

In this oase, the signal from the selected target gets

. between the gate pulses. Purther, 1 the target pulse is shifted

Declassified in Part - Santized Copy Approved for Release 2012/04/16 - CIA-RDP78-03066R000200220001-4 1

“4n relation to the gate pulses, one of them is found overlapped

by the target pulse more than the other and this results in

rositive or negative voltage at the comparator output

(depending upon the displacement side of the target pulse).
These voltares are converted by the integrator into a

positive control voltage. The magnitude of the ocontrol voltage _ .

is proportional to the target range, and the rate of itgs
change = to the amount the gate pulaes;pre overlapped by the
target pulse. '

Vhen the tarset pulse moves towards "further® the control
voltage inoreases and vice versa decreases when it moves
towards "nearer. _

This oontrol voltage is applied to the variable delay
olrouit to control the length of the oireuit pulse,

The trailing edge of the variable=length pulse and,
consequently, of the gate pulse 13 shifteqd in time wntdd -
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overlapping of the gate pulses by the target pulse is equal, |, ; g
1.e. until the target pulse 1s between the gate pulses. T R
Thus, during movement of the target or carrier alroraft - . ; ﬁ
flight, the target is being oontinuously tracked in range. o ' ;E ?
The selector allows only those target pulses to pass . 5 y
.| through whioh are time-coincident with the strobe pulse. Az, = 4
1the strobe pulse is striotly time-coinoident with the gate . ' : E
+ pulses, there are only signals from the target tracked in it
§range at the seleotor output.
; These pulses are furnished to the system of automatio S B
, ftraoking of the target in angular coordinates. , ﬁ
; Thus, due to automatia tracking ang sélection of the s :
i target in angular coordinates the autometio tracking in
E!é(fl.rtaot.’mn funotions only when triggered by the signals from
. the targets seleoted by the operator by covering them with

- Yhe range marker. ’ i

J. Automatic Tracking of Target in Angular Coordinates

When the station operates in automatioc tracking mode the
- radiator of the station antemna rotates about the axis of
the parabolie mirror with high angular speed.
The antenna radiator is displaced from the electrical :
axis of the reflector, therefore the beam of radlo waves ;L
radiated by the antenna describes a oone in space whose axis B i

~ 18 that of the antenna. : N .ﬁ
’ Part of space in olose proximity to this axis is known o § i

a8 the equisignal zone.
¥ All objeects being in equisignal zone will be illuminated
by radio pulses whose power 1s independent of the radiator
position during rotation and, oonsequently, one or another
~ objJect in the equisignal zone will refleot echo pulses whose S !
intensity does not ochange during radiator rotation.
Objeots outside the equisignal gone will refleot echoes
whose intensity is dependent upon the vositlion of %he radiatoy
during rotation. ' ' | L I E

o

TR i LT
N A
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Thus, the reflected signals picked up will be modulated

by the rotation frequency of the antenna radiator.

The phase and modulation depth of the reflected pulscs .

- will ocompletely characterize the location of the obiect with : .
-respeoct to the antenna axis.

The phase of pulse modulation will change with the

- angular position of the objeot with respeot to the antennn.

Thus, the pulses reflected from the target and picked

up by the antenna after being amplified and detected, will
produce low~frequency voltage whioh contalns information
both on angular coordinates and amount of deflection from

RETRRY T S ——

¢ b s e s D . R ‘”
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the equigignal zone.

This veltage 1s known as the error voltage.
Obtainment_of crror signal
Fig.3 shows the antenna radiation pattern. On the right

of the figure is diagrammed the amount of reflected enercy
at various nositions of the target in relation to the para~-

~ boloid axis.

The antenna 1s go construoted that the axis of the antenna
directed electromasnetlic beam is off the paraboloid axis by 1.5°.

Driven by motor 2JI-60 the radiator rotates about the
optical axis of tha mirror at speed 0 r.p.m. causing

"~ rotation of the antenna beam about the optiocal axis of the
mirror so. that its maximum desoribes a cone in space.

¥g. 4 18 a raopresentation of the radiation pattern and
the cone formed bv the maximum of radiation of the antenna
when it im rotated. From Fig.3 1t 1s seen that 1f the target
is Just on the rafleotor axis, the receiver will pick up

. 50 per oent of the marimum energy irrespeotive of the position t

of the radiation pattern. . .
If the tarket is 1.5%.0ff the paradoloid axis the refleoted

signal ooning to the ﬂoeiver will vary within 100 to 20
. pey oent.
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v : Fig.5,a shows the magnitude of the picked-up refleoted - &
' signal for two positions (upper and lower) of the antenns,
the target being 1. 5° above the paraboloid axis. . i
Fig.5,b shows the same for the oase, when the target : g
18 on the paraboloild axis. - ' Rk
Fig.5 shows only two extreme positions of the radiation i
pattern but since the antenna is rotated oontinuously, the aﬁ
signal intensity will vary ocontinuously between the extremities.
Pig.6 shows the change of the signal intensity per one
revolution of the radiation pattern, 16 pulses being shown : : o
assumingly, though much more pulses fall on one revolution. _é?
Such an intensity modulation of the picked-up signals f fiﬂ
is the error signal. | % 1{4
Fig.7,a shows a signal of the error occurring when the Y 7
target is displaced in agimuth only. Fig.7,b presents an ' N
error signal formed when the target is shifted in elevation. P!
As it is seen from Figs 7,a and 7,b the error signal i :;
| ‘vaused by the azimuth displacement of the target lags by -l
T 90° from the error 8lgnal ocauvsed by the elevation displacement. 2 §%
Fig.7,0 shows the error signal in agimuth and elevation. 7E
In Flg.7 the reflector axis i1s shown assumingly as a
point located in the centre of the oclrcle. The axis of the
radiation pattern is shown as s point desoribing a oirocle
during rotation.
The target 1s presented in the form of a cross=hatched . !
olrole. »
Defleotion of the target from the direction of the
paraboloid axis changes +he range of varliation of the echo U
pulse amplitude. ' . A
If the target is in tbo direotion of +the paraboloid . g
axis (equisignal zone), the intensity of the refleoted signals - | i
is constant (error sirmal is equal to z3r0). The wider the . : o
measurement range ol the pulse amplitude, the greoater the
modulation depth and, oonaequently, the greater the error

signal.
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b : ’ The echo pulses picked up are modulated by the frequenoy b

of antenna radiator rotation. The phase and modulation depth
. of the eoho pulsos fully charsoterize the location of the
|  ' target relative to the antenna axis; the farther the objeot
from the equisignal zone, the greater the modulation factor
~the echo pulses will gain.,
. The phase of modulation of the pulses will vary with the
angular position of -the objeot relative to the antenna.
A In gynchronism with the radlator is rotated the rotor
of the reference voltage gencrator (I'OH ). The gencrator stator
has two windings shifted by 90° with each other, therefore, :
the sine-wave voltages produced by these windings have the ' iy
frequency equal to that of the radiator rotation and are 90° R
out of phase with each other.
One oi these voltages 1s the azimuth reference voltage,
the other « the elevation reference voltage.
The error voltage is ocompared with two refercnce voltages
in the agimuth and elevation phase detectors of unit I-10.
As a recsult agimuth and elevation control voltages are
produced.
These voltapges after being amplified act on the actuating
motors, antenna -1 along the azimuth and elevation axes.

Ao Automatio Tracking Monitoring

The automatic target tracking is observed on a special
indiecator. The indicator is also used for monitoring the
selection of a target for tracking in range.

the voltage supplied from the reference voltaze generator
and switeh throush a transformer switches on one or the other
| <. video amplifier in unit =5 ang sweep intensifioation unit,

The ohanpe=over 1s done‘so that the Soreen dlsplays the
target pulses oorreaponding;tq the passage of the right \
and loft position by the bea

; 2 of the antenna during its
i -~ rotation. ( '

4
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The target pulse plps on the soreen with the target in
: the equlsignal zone are equal in amplitude and direoted 1in
! opposition. _
| The target being tracked 1s always in the centre of the . N
sweep on the tube soreen.
: The targets located oloser than the one being tracked will
be - \ be seen in the lower portion, and the targets loocated farther,
‘ in the upper portion of the indiocator.’

S5« 8ighting System

The sighting system ensures reception and observation of
signals from the transponder located on the gulded missile.

Per each pulse radiated by the main antenna of the
gstation the transponder produces one reply pulse at wave
length Toe

If the transponder is moved away from station K-IIk, the
reply pulsec observed on the soreen of the sighting indicator
will depart from the start of the sweep, and the distance _
to the transponder ocan be read off from the calibratlon : i
markers on the indlioator soreen. ‘

Besides, the transponder 1s so designed that when being o Y
moved away from the equisignal line of the K-~III antenna, \
the reply pulses are modulated by phase=pulse modulation. ;

Thorefore, these pulses are scen on the soreen of the ‘ . b
sighting indicator in the form of a pulse more oOr less 'ﬁi
. blurred in range. . 5;

The blurring width depends upon how far the transponder
18 moved away from the equisignhal gone.

i, Beam Capture System _ 1.‘71

To faoilitate oatching of tho guided missile by the . " | o
i homing antenna beam after 1t has been released, provision ' ~,=§ » .
18 made in the ocarrier airoraft for a beam capture system - ,é
oonsisting of oollimator sight K10<T (unit J-29M ), phase ¥ 4
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l deteotor (unit J=-21 ) and beam capture indicator,(pginter
Instrument NKO-42 ). . . )
Coupled to the optical asystem of the oollimator sight
is a selsyn, type A-3, which is connected eleotrically

 with azimuth selsyn A=-3 of the homing antenna.

The optical system of the collimator gight is aimed at
. the missile after it has been released.

Tf*the axec of the optical system and the homing antenna

beam do not run in parallel, azlmuth error signals will zppear ' :@
at the output of the sighting station sclsyn. . ¥
These aignals are fed to the phase-detector to be converted 1

into a control voltage which defleots the pointer of the beam H
capture indiocator. ‘ 53

Tue to a program potentiometer with a timer beins used ?&
in oourse indication unit J=21 the deflection of instrument f%
MKO-42 41s proportional to the distance between the carrier 'ﬁ
aireraft and equisipgnal zone. : }a

On the basis of the data presented by the beam capture 3
indicator the pilot manoceuvres the ocarrier aireraft so as to i
ensure beam oapture of the missile. 1

s Gyrostabilization of Antenna o R

The station enploys bank, ocourse and pitch stabilication - il
of the antenna. ‘ :

Tha bank stabilization énsures oorrect transmission of the o

"phase of reference voltages to the guided missile irrespective
of the ocarrier alroraft attitudes. Ji¢

The oourse and pitch stabilization precludes the posoibili= -
ty of the automatie target tracking fallure during alroraft ' | v

!
{
manoeuvring or during flight in bumpy air in case of fading T !
and other short=-timed interference. |

In addition, the oourae and piton stabilization improfea ' ol

‘ target deteotion during slight manoeuvres of the carrier : ” \3
airoraft. o 3

SECRET

Declassified in Part - Sanitiz

SR IEERAN 18

ed Copy Approved for Release 2012/04/18 - GIA-RDP78-03066R000200220001.4




- s vy

|
Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4

i

SECRET : _ 50X1-HUM
- 17 - o :;'ff" : ,

A

? ' Used as a transmitter of the bank,, course and pitch

: stabllization system is a vertical gyro of autopilot All-5.

L The error signal of bank stebilization is picked off from

r the diagonal of a bridge formed by the bank potentiometer of

;q . the vertical gyro and test potentiometer on the antenna whose

S slider shaft is ooupled through a reduction gear with the
‘ bank stabilization shaft. '

The error signal 1s fed to the input of unit I-9 and
converted 1nto a control voltage in the rhase detectaor.

The control volftage is applied to the D.C. amplifier
controlling the behavior of the relay amplifier which supplies
an actuating motor, type IK-11, <turning the antenna round the
bank gyrostabilization shaft.

The error signal of the antenna pitch stabilization is
picked off from the diagonal of a bridege formed by a pitch
potentiometer of the vertical gyro and test potenticmeter whose
shaft 1s coupled with the elevation shaft through the reduction
gear and differential.

The error sirnal is communicated to the input of the
rhase cdetector of pitch stabilization (unit J=19 ). The pitch
stablligatlon relay amplifier of unit J19 controls the
operation of actuating motor JIK=11 coupled through a
differential with the antenna elevation shaft. ;

In order to match the longitudinal and lateral shafts of
-§the vertical gyro and antenna, the vertical gyro rotates in A i
azimuth in step with the antenna. '

The alrcraft course data are presented by directional
gyro MK~  and sclsyn-transformer (unit J=27).

The receiving selsyn 1s mounted on the antenna and coupled
with the azimuth shaft of the aircraft through the reduction e
wear and differential. :f;

f The errcr signal 1s pessed from the transmitting selsyn - o
rotor to the course stabilization phase deteoctor of unit J-19.
The relay amplifier ocontrole the oporation of actuating

mctor JH-11, whioh turns the antemna in nzimuth through the

B R SO
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) ' reduction gear and differcntial following the change in the ?ﬂﬂ
‘ ’ alrcraft hending. “
Sighting antoenna I=15M must bo trained in the same
direction with the homing antenna (unit JI=1 ).

, To centrol the azimuth rctation of the sighting antenna

: in synchrenism with the rotation of the homlng antenna, unit

- J=15M mounts a selsyn-transfofmer, and unit I-1, a
transmitting selsyn..

-

The error sicnal from the selsyn transformer 1s supplied b
to the antenna contrcl phase=detector of sighting unit I-9. e

The relay amplifier controls the operation of actuating
motor JIK=11, which turns the sighting antenna until it
beccmes matched with the homing antenna.

| 8. Functional Diagram of Radar Dguipment &g

The functlons performed by separate units and stages are
P most diversified. -

‘ The functlonal diagram presented in Fig.8 gives better
understanding of the operation end interaction of the units.

(1) Time_Relationships
Synchronous selector unit [=7 1s used torstabilize
trigger pulse repetition frequency, produce repetition
frequencles radiating pulses, coordinate trigger pulses in

time, as well as to synchronize the operation of certain units
of the station.

The frequency 1s stabilized by a crystal oscillator Jﬁi
operating at a frequency ¢f 60 Xc/s. aE
The orystal oscillator pulses pass through three frequenoy ?%
dividers and are applicd direotly te or through a variable ‘ TW

delay circuit (wobbulation phantastron J[7-4 preducing pulse ey

train wobbulation) to the blooking oseillator functioning in |
the 1:1 or 1:2 division mude. ) .-

L»:bf«--~ g’ ," '
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The wanted division is chcsen when changing the range

located on control panel J-11M.

This is how the required pulse train frequency n, is
 formed (during target tracking 10 km., 50 km., 100 km. ) or
n1 (in 200~km. search mode). -

The first in time to go is the pillot pulse of K=1 ocircuit
(time mcment t,) (See Fig.9).

The suppressor trigger pulses in unit J[3 and sweep
trigger pulses in unit J-4M are delayed by 90 useo in relation
' to the above pulse.

The transmitter trigger pulse in unit J-2M 1s delayed by
1 msec. more relative to the trigger pulse of the suppressor

- and sweep. o

The synchronizing pulses are communicated to the external
circuits through the cathode followers.

At time moment tl the phantastron variable-deiay circuit
is started; the trailing edge c¢f the phantastron pulse controls
the generation moment of the trigger pulse of the tracking
indicator (in the sweep unit), as well as the cperation moment
of the 34 mseco. fixed delay multivibrator.

The trailing edge of the 34 msec. multividrator pulse
fcrms the range marker and triggers the generator producing lst
and 2nd gate pulses, the 2nd gate pulse being delayed by
0.7 msec. relative to the 1lst pulse with the help cf a delay
line.

The trirger pulses cf the tracking indicator, gate pulses
and ranpge marker can move simultaneously in relaticn to time
tl with mutual time dclays belng presecrved.

Since generaticn of tho above pulses is connected with

'vcperation of the variable-delay phantastron the change in the
lduration cf the phantustron pulse makes it pcssible to move

the pulses t¢ the entire diatanoe range and to match the range
mark and gate pulses with 1t upon appearanoo of the target
pulse.
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b The target pulse %;;Lugh the comparatcr and integrator
* circults contrcls the pulse duration of the variablo=delay
: ~ phantastren keeping the gate pulscs autcmatically in the stato
of balance with respect tc the target pulse.
The pulse frcm the target being tracked and the strobe
pulse are communicated to the coincidence stago.
% . ' The coincidence stage allows the pulse of the tracked
Co target to pass through the selcetor channels blcocking the
pasénge through the specified channels of all the pulses from
other targets.
The selected pulsc is amplified and fed through the cathode jl
- fellewers to the cxfiornal circults (to units 13, I4it  ana JI10) a
where it 1s used fcr tracking the target autcmatiocally in 3
" direoticn and for cperaticn of the AGC system.

¥ S {2) Regeiving-Iransmitting Part

? ; Iransmitting-receiving unit 12 (modulatcr part) is fed ,
from the autoselector with pesitive~gecing pulses at repetition |
frequency n, or n,. ‘ )

BT e s

The inconing pulses are amplified by the trigzer amplifier ,
utilizing valve 6H8C and passed to the control grids of vz
submodulator valve TU~30. ' %

This stage operates as a biaged blocking osocillatcr and

shapes the pulses of ‘the required amplitude, ferm and duration. ‘ ff

From the submodulator the shaped pulses are fed to the SR
control grids cf the modulator sta

IMI-83 cperating in parallel.
When fed with a pulse, the modulator v
plate of the reserveir capacitcr kept at ni

"~ their low internal resistance.

ge consisting of twe valves P

alves ground the
gh potential through
' .

Owing to this the reservoir capacitor discharge

. 8 through
*  the magnetronand at this rioment radio frequenoy cs

]
| cillatiens 3;
. . are bullt up in the magnetron with frequenoy Ty, Mo/s. -%}
? The receiving waveguids inocrporates g cerystal mixer -
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whioh apart from being fed with RF energy receives RI' energy

f - ' from the loocal oscillator using klystrcn X-19. ' ‘ é
; ; As a result of the acticn prcduced by two RP oscillaticns 4
[' i signals of 30 Mc/s are diseriminated onthe orystal mixer g j

A load. )
i These sirnals are fed to a three-stage IF amplifier using . ?
b valves 6K | ok
! To protect the orystal mixer from high-power pulses ct @

 RF energy propagating over the wavegulde at the moment of . f
g transmission, the input of the T=R box inoorpcrates gas _ ' h
discharger PP-49.

The main wavegulide attaches the anii-7..R box with gas ‘ vl
discharger PP-6,which ensures no losses of reflected signal in ' )
the magnetron channel. i
Besides, the main wavegulde attaches a waveguide length ﬁ

{f . incorporating a corystal mixzer and having elements coupled p
;' with the main wavegulide and waveguide of the local oscillator. K
i ’ Owing to these coupling elements the crystal mixer at N
the moment of transmission is supplied with two hligh-frequenocy ‘ﬁ
Posoillations (from the magnetron and klystron) which create ' B

IR Signals ancross the load.

; These sifnals are cunverted by the klystron LFC circuilt
intc a control vcltage being applied to the klystron repeller
tc make intermediate frequcpcy ccngtant.

The AFC oircuit comprises a twc-stage IF amplifier,
;frequency detector, two-stage video amplifier, search blocking
oscillator and resulating stage.

The AF( system is of the search type.

When the intermediate Trequency deviates from the wanted

ivalue the cirouit produces the voltage which 1z used to control
- #the oseillato: Treguency by varving the voltage at.the a
Xlystron repellez.,
i The output of the IF amplifler of the transmlitting=— ‘
freceiving unit-is applied to IF amplifier unit J3. i

The output sigunals are amplified in the unit by the

o

e

P
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signals to be amplified by the video amplifier and are ocommunioat.

ed to two oathode followers operating in series.

The output signals of the first cathode follower are
furnished to.the selector of unit [7. =

.4he seleoted video pulse 1s used in unit J10 for automatic
traoking in direcotion and for automatioc gain ocontrol of the

IF amplifiers in unit I3 (receiver).

The output pulses of the second cathode follower are
rassed tosvicepunit J4M, in indicator unit ][5 and are used
for observing them on the indicator sorecens.

(3) Sweep and Presentation System

The pipsz are observed cn four indicators, two cf them being
.Intended for cbservation of the ground and target selecticn.

They duplicate each other's operaticn and are used = one
by the operatcr, the other by the navigator.

The third indleator is intended to check the antenna
direction tc the seleocted target.

~ The fourth one (sighting indicator) determines the posi=-
tion of the gulded miseile in the beam and its distance to
the target. '

The first two indicators use radiale=ciroular sweep, the
third indleator, I=type display and the fourth one, A-type
display.

The sweep voltage 1s formed by the ocircuits of the sweep
unit.

There arae two sweep channels in the unit, one c¢f them is
intendcd fcr beam defleotion in the search and sighting
indicators, the other for beam deflaction in the indicator for
checking the homing nntenna dircetion which ig known as the
tracking indiecator. .

The first sweep ohannel ‘is triggered by the pulses coming
from unlt 17 (autcseleotor) for one mioroseocnd befere the
transmitter starting when the sweep range soales are 50 ¥m..

SECRET

RS v ad DL st & A S

50X1-HUM

4

N
. }

i

I3
LA AR RNENT RS S AL TR Nt o EN 0 TRV

T



\
Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA RDP78-03066R000200220001-4

NW AW RNRENZEY W IV T
F

SECRET o - 50X1-HUM
- 23 - ‘ E e

100 km., 200 km. or by the pulses with variable delay relative i

to the transmitter pulses when the range soale is 10 km. &
For cases requiring all the range soales the variable=- : | Qﬁ»

delay pulses are supplied for triggering the seoond sweep : ;

channel (tracking indicator). '

: The first sweep channel oonsists c¢f a sweep trigger multi-~

b vibrator, sweep generator and two three-stage sweep voltage

3,
]

§ amplifiers. the i
: : The required duratlon (range) of the saw=-toothed voltage ﬁ@
: is cbtained by switohing range scales 10, 50, 100 and 200 cn | %i
' the oontrol panel of the station. ﬁ;

This 1s accompanled by switching of resistors in the : : %ﬁ;

5 anode ciroult of the sweep generator. g@
: The first sweep channel has two outputs. EQ;
: TFrom one output the sweep voltage i3 applied to the i)
} . deflection coills of operator's indicator JI5, from the other, (i
: to those of navigator's indicator II6M. L
k The ocircular sweep in these indicators is obtained by %?

rotating the defleotion ccils in synchronism with the rotation
of the homing antenna through a selsyn drive. o

The signals producing bright spots on the indlicator screens {1
are supplied from the output mixer located in the sweep unit N G
to the video amplifiers mounted in the indiocators and are i
further passed to the control electrodes of the cathode=-ray o
tubes. ; {“
, These signals consist of video pulses, range marks, course ‘ )
line marks and range callbration marks. bl
The latter are produced by the oallbrator mounted in the *ﬁ
sweep unit. S
E The first anodes of the oathode-ray tubes are fed from o
3 tthe swoep generator with brightening square pulses due to which ¢ |
thoe beam trace on the indlcator screens is belng left only S .ml
during the sweep forward stroke, ok

‘The second channel ocomprises a driven multivibrater and B
a saw=toothed voltage senerator. - ) M,

SECRET

n;ux;‘,d?]: ,p-u xy

DecIaSS|f|ed in Part Sanltlzed Copy Approved for Release 2012/04/18 CIA RDP78 03066R000200220001 4




Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA- RDP78 03066R000200220001-4
NO FOUREIGN DISSEM _

e

SECRET

50X1-HUM
: ; '
- 24 =

. The saw=-toothed voltage is impressed on the Y-plates of
F ‘ the oathode=ray tube of the tracking indicator. :
! The X=plates of the tube are fed with video pulses.

g Gince the plates are fed with signals from various video
amplifiers, the switching of these video amplifiers by the
azimuth reference voltage results in left and right peaks being

- visible on the tube screen.

‘The right pulse corresponds to the right~hand position
of the beam during the radiator rotation and the left, to
‘%he left~hand positlon of the beam.

i The video pulses on the indicator screen are located on

7 the left and right of the sweep trace.

%: '/// If the target is exactly in the directicn of the equisignal
i!;’ line, the amplitudes of the left and right signals are equal
v g

and their equality 1s used to check the target dircotion of
i the antenna.

b Out of a number of video pulses arriving at the tracking
indliocator a signal from the selected target is marked with

‘a rango mark which is fed from unit J7.

baing brichtened by the range mark this signal is clearly -
visible on the soreen and the range mark itself 1is presented on
the screen as a bright spot loocated in the middle of the sweep
trace.
The gsighting indlecator employs A-type display.
"he sweep is formed in unit I4M (sweep unit) and
Turnished to the sweep amplifier in the indicator unit (I5 )
and further to the I=plates of sha cathode~ray tube.
| ) From the mixer in the swoep unit through thae video
[ s amplifier 1n the indlcator unit the Y=plates are furnished
 with tho voltago of the signal which onnbles the distance B
between the misulle and the target to be measured and gives
estimation of the missile £light in the equislgnal zoxne.
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- (42 Homing Antenna_Control

The radiator system of the homing antenna may be rotated
about three mutually perpendicular axes: one vertiocal and two
horizontal.

Rotation about the vertiocal axis 1s known as rotation in

azimuth, and rotation about horizontal axes is known as rota=-

tion in elevation and bank respeoctively.

The azimuth rotation is used to perform the following
funoiions:

(a) Circular scanning of the ground.

(b) Sector scanning of the ground.

{0) Alming the antenna manually to the seleoted target
in azimuth.

(d) Automatic target tracking in azimuth.

The rotation in elevation 1s used for:

{a) Selection of a radius of the sweep area in the
gearch mode. .

{b) Aiming the antenna to the selected target during
manual search in elevation.

(¢) Automatic target tracking in elevation.

‘The rosition of the antenna in space is stabilized by
the course, bank and pitech gyrostabilization system. _

The gyvrostabilization is effected by means of vertical
gyro All-5 and aziruth gyro I-27 (TTIK=1) .

The antenna is rotated in azimuth by control motor I-75
and gyrostabilization motor IK-11.

Trom aither motor motion is imparted through the reduction
units and differential to the Yig azimuth gear of the antenna.
Motor Jl=75 is coupled mechanically with selsyn KC-1
(transmitter), and motor JK=11 with selsyn NCI (f£lat selsyn

transmitter). A ‘

mrins rotation of motor JI-75 angular difference ocours
between the rotor of selsyn XKC=1 loocated in the antenna
(unit J=-1) and rotor of selsyn KC=-2 mounted in the control
panel (unit J=-11M ).
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' S The error voltage developed in the rotor of selsyn : ‘
i KC=2 18 used for manual oontrol of the antemna in azimuth ' b
E and seotor scanning. ;
. Selsyn IICll 1s oconnected electrically with a flat selsyn . g
b (receiver) loocated in the azimuthgyro (unit JI27 ). §
:  ’ - The voltare developed in the rotor of this selsyn 1s , f&
é ) -used for course gyro stabilization. ;Z
Coupled meohanloally with the azimuth rotation shaft of f&
the antenna are selsyns CI'C-~1 and A-~3.
selsyn CTC-1 is designed to produce oircular sweep in i
the plan position indiocators.
Selsyn A=3 1s a gelsyn transmitter ana operates into two
selayn recelvers: receiving selsyn A-3 located in unit I-15 £
_ ~and receiving selsyn A-3 located in unit I=-29M (sighting k
b " statlon) or into receiving selsyn A=3 in unit J-21 (course i
; ‘ indicatlon unit). i
: The voltages developed in the rotors of these selsyns
' g are used: one for ocontrolling the sighting antenna in azimuth,
and the other for checking the coincidence of the axes of the
homing antenna and sighting station, or axis of the homing ' v .ﬁ

"

N

antenna with the structural axis of the aircraft.

The rotation in elevation is effected in essentially the | 2
game way as the azimuth rotation by elevation motor J=-75 and .%9
gyrostabilization motor JK-11. W;

Motor JI-75 1s ocoupled mechanlecally to elevation selsyn = - ' ﬁ
KC=1, and motor IK~-11 4o the elevation potentiometer. 3

Selsyn KC=1 1s cohneoted electrically with elevation id
recelving selsyn KC=-2 mounted in the oontrol panel. ﬂﬁ
n, The rotor voltage of the solsyn is uged for manually
L ) ‘_oontrolling the antenna in elevation, 1

The potential difference between the slider of the vertioai ‘ %ﬂ

gyro pltch potentiometer ang that of the elevation potentiometer §)

_ is applied to the piton gyrostabilization oircuit in unit J-10

' : (pitch and course stadilization unit). |
seloyn CICM=1 of the homing antenna 1g oonneocted

electriocally with seloyn CMCM=1 of the oontrol panel whioh | %
‘8erves as an elevation indiocator, ?
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§
e The bank rotation is effeoted by motor JK-11.
- ' At the same time the motor rotates the slider of the
b bank potentiometer.
o , The potential difference between the slider of the bank
b  potentiometer located in the verticel gyro and the slider of
i the bank potentiometer located in unit I-1 (antenna) is
. supplied to unit J-9(bank and sighting stabilization unit)
- for bank gyrostabllization.

The homing antenna radiator is rotated by a motor, type

2l-60.
A The radiator rotatlon shaft 1s coupled mechanically with

+the reference voltage generator.

The latter produces two sine-wave voltages 90°.quhog
phase with each other. o
b The froquenoy of the reference voltages equals the
- frequenoy of the radiator rotation.

' These voltages are usecd as reference voltages in the
automatlce directlon tracking system.

’“ One of these voltages is used for modulation of the
repetition frequency of the radiated pulses in unit J=7
(autoselector).

| (22 Namal control

The rotor voltage of azimuth selsyn KC=2 incorporated in
the control nanel is furnished to the olroult in the tracking
unit consisting of azimuth error signal amplifler, phase
inverter, phase detecotor and azimuth D.C. amplifier.

The ancde cirouits of the azimuth D.C. amplifier contain
the control windings ¢f the agimuth amplidyne looated in unit
I~14 (amplidynes) whioch produces voltage for azlmuth motor
A=75.

Rotating handwheel AZIMUTH (A3HMYT) on the control panel
; causes unbalance of the D.C. amplifier, and motor [=-75 1is ;
supplied with the azimuth amplidyne output voltage whose ;g
polarity deponds upon the direction of the handwheel rotation.
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Manual oontrol in elevation is achievedin the same way
by rotating handwheel ELEVATION ( HAKIIOH) .

P o . (b).Soctor scanning
During sector socanning the voltages from seisyn XC=2 of
i ;  the control panel are converted into a D.C. voltage varying
L periodically in polarity. ’
Thls voltage 1s being supplied to motor =75 and changes »
poriodieally the direction of the antenna rotation. !
The sequence of conversion is as follows:
The rotor voltapge cf thoe selsyn is supplied to the
"' ‘ ' ciroult of unit J-10 consisting of a seotor scanning trange

) - former, phase detector, multivibrator and sector scanning D.C.
L  amplifier.

The anode currents of the sector scanning D.C. amplifier
flow through the control windings of the azimuth amplidyne

which 1s the one that supplies the required voltage to azimuth
motor J=75. -

i -

Clrcular scanning 1s effeoted by artificially unbalancing
the D.C. amplifier from the ocontrol panel.
Setting the controls in the circular soa

| nning mode changes
g the bias voltace on one h

' alf of the damping signal amplifier
comnected into the sercen grid ocirouit of the D.0. amplifier,
and oauses unbalance of ourrents of the D.C. amplifier.

Gyrostablligation of the homing antenna ig carried out by

- means of course and pitch stabilization unit (unit [=19) ang
bank and sighting unit (unit I-9).

Identical elrouits of unitg J=9 and =19 qongist of
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- exror signal amplifiers, phase detoeocters, differentiating
cells, D.C. amplifiers and relay amplifiers.

The- input of each unit is supplied with 400 o.p.s. error
signal, and the output produces a D.cC. voltage which 1s then
applied to the armature of the actuating motor which rotates
the corresponding axle of the homing antenna to reduce the
error signal. '

The error signal in course ig oaﬁsed by angular difference
between the flat.selsyns (IICIl ) mounted in the homing antenna
 (unit J-1 ) and in azimuth gyro (unit [-27 ).

The bank and pitch error signal is caused by the mismatoh
| between the corresponding cheok bank and pitch potentiometers

located in unit J-1 and between bank and pitch potentiometers
located in vertiocal gyro All-5,

¢).Additional oontrol olrouts

To eliminate possible spurious oscillations of the homing
antenna durinsg manual ocontrol or automatio tracking use is
made of a specianl feedback cirouit.

 Variable polarity voltages built up by azimuth and
elevation motors are passed through feedback filters located
in unit J-13M (automatioc control box) and fed to the control
grids of the azimuth and elevation damping signal amplifiers.

The ourrents bullt up by the damping sipnal amplifiers
in the anode eircuits of the agimuth and elevation D.C.
amplifiers produce at the output of the amplidynes the voltages
of the agitation voltare polarity.

To retain the position of the homing antenna (matching of
selsyns KC-I of the homing antenna and KC=2 of the control
panel) when ochanging from olroular scanning and automatic
tracking to manual ocontrol or seoctor soanning use 1s made of
the follow=-up system. ’

This svstem oconsistc of a follow=up amplifier and a
follow=-up motor.
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During eciroular socanning or automatio tracking, the error’
voltage from the rotor of azimuth selsyn X(~2 of unit -1 1s
applied to the follow=up amplifier unit J-10 which produces
oontrol veoltage for the follow=-up motor located in unit I-11M.

The ghaft of the follow=-up motor is coupled mechanically
to that of the azimuth selsyn rotor .through a reducticn gea

" and differential. '

(5) Pollow=Up Sighting_system

The reply signals from the guided missile come to the

"sighting antenna, then are converted by the crystal mixer into

signals of intermediate frequency (fz), amplified by the
six=stage IF amplifier, converted by the second detcoior into
video signals and after being amplificd by the video amplifier
are passcd to the cathode follower.

From the ocathode follower the video 8lgnals are communicated
to the mixer of unit J-4M and after passing the succeeding
stages are dlasplayed on the secreen of the sighting indicator.

Besides, from thc output of the cathodo follower the
video signals are furnished to the mixer in unit J=~4 and then
to the video amplifier of unit J-5 and to theo Y-plates of
the oathode~ray tube. ‘

The sighting antenna iz trained on the guided missile by
means of a olrouit whioh 1s idontical with the
tion ocirocuits incorporated in unit JI-=9.

This eirouilt iz fod with an ervor signal from the roter of
solsyn A=-3 locatcd in unit J=15M (sighting antenna). ,

The output voltage of the adove-montioned eircult is ‘

gyrostabiliza=-

~ applied to the sighting antonna azimuth motor (JIK-11 )

ooupled mechanloally to the rotation axle of thoe sighting
antenna.
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Iquipment

The main oontrols for tuning and checking the performance
of the station are ocarried on the control panel. Part of
controls 1s located on conneotion voxes I=12M  ana X-13M,
and on the front panels of the units.

. i

ITI. DESCRIPTION OF UNITS

1. Homing Antemna J-1

The homing antenna 1s designed:

4 (a) to 1illuminate ground and sea surface with pulses of
radio-frequency energy and pick up the refleoted signalss

! (v) to form a narrow symmetriocal beam of the radiation

' pattern and the equisignal zone;

(e) to make the beam move in azimuth, clevation and bank.

The antenna assembly oconsists of the radilo=frequenocy

portion and electromechanical control elements.

. The radlo-frequency portion of the antenna assembly

consists of the following main components:

1.7Parabolic reflector.

k 2. Double=-slot radiator.

. Radlator rotating joint.

. Elevation rotating joint.

+ Bank rotating Joint.

. Azimuth rotating joint.

. Conneocting wavegulde.

The dlagram of the.antenna radio=frequency channel is

i showvn in Pig.11.

SO0 W

¢
' , Redio-frequenoy elements

The refleotor of the homing antenna 18 essentially a rotary
b paraboloid with a foonl distanocs of 270 mm and flare diameter
of 750 mm fed by a double=slot radiator.
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- The reflector forms a radiation pattern, 3.4° wide in
o plane II and 2.5° in plane Z, by half power points. . ‘ .
' ‘ A number of metal plates mounted on the radiator feeding - jﬁ

wavegulde widens the radiation pattern in plane H and ensures Ef
yo that the amount of power within the bearing angles (& 5°) is ﬁf

! =
T not less than 0.5 per cent of Poaxe

Radlo~frequency energy is oonve&ed to the radiator through ﬁf?

the feeding waveruide. i

, The tapered part of the waveruide turns into a rescnance i
cavity provided with two slotso through which the radio-irequen- iﬁ
oy energy 1s fed to the reflector. v
The double~slot head of the radiator is displaced relative e

to the reflector axis so that the axis of the antenrna directional \g
radiation does not coineide with that of the parsbolold, and A
¥ : departs from 1t throush an angle of 1°30:. iy

By ald of a motor the radiator may rotate about the

_ optlecal axis of the paraboloid ot 1800 r.p.m. (30 r.p.s.)
l causing the antenna electromagnetio beam to rotate so that . !
its maximum deseribes a cone in space. |

M g.12 shows the antenna radiation pattern and the cone ' ?U

~ formed by the maxzimum of radiation of the antenna durin: Pf

E antenna rotation. .
Prom the illugtration it 4s seen that with a target * 3@

’ : directly on the rcfleotor axls, the receiver will take 50 - 60

per cent of the nnximum enersy whatever may be the position o
| of the radiation pattern. : !

1T the target is off the paraboloid axis by 1°301

the B
] )
intensity of the rer

leoted signal will vary with the radiator i
. rotating within 100 to aprroximately 20 per oent. ' !
| , Absence of intensity-modulated echo signals (presence of 5?

8lgnals themselves) indiontes that the target is in the o
equisignal zone on the refleotor axis.
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Wayegulde rotating_ loints

] All the rotating joints are coupled with one another by ‘
pmeans of oonneoting waveguides. g
; The waveguide run of the unit is sealed hermetiocally.

. Rubber gaskets are provided between the flanges of the
fbonneoting waveguides to ensure air-tightness,

All the rotating joints are made air-tight by means of a

2 The radiating slots of the radiator are sealed with ntca
plates in metal holders.

{ The antenna radiation pat'tern in planes H and I is
fipresented in Fig.13.

& The eleoctric drive portion of the antenna consists of
fithe following main components:

& 1. Reduotion unit for rotating the antenna in azimuth
(main aotuating motor II-'75 auxiliary aoctuating motor JK-11,

2. Reduction unit for turning the antenna in clevation
‘E(main aotuating motor J-75, auxiliary aoctuating motor JHK-11,
lselevation selsyn ¥(C-1, elevation indicator selsyn CICM=1,

paotuating motor JK-11, hank cheok potentiometer).

2 4. Radiator reduotion unit (turning motor 2I-60, reference
t'voltage gonerator). . <
5. Reduotion unit of vertlocal gyro All=-5, -

, The vertiocal gyro rotates in agimuth in synchronism and

Sﬁh Phase with the antenna mirror with gear radio 1:l.

p The vertioal gyro potentiometers are oonncoted with the

,é?ank and pltoh potentiometers of tho antenna and pexrform the

L
2
i
it

% ’é
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funotlon of signal transmitters for the bank and pitch
gtabllization syotems.

The homing antenna iz rotated in azimuth by two D.C.
motors M1l-4, type I-75, and M1-3, type JIK-11, which are
aotuating motors of the tracking (oontrol) channels and

~ course stabllization follow=up systema respectively. {

Tilting the antenna up and down in elevation is also fﬁ"
rerformed by D.C. motor M1-11, type I-75, and M1-10, type ;
IK-11  (sce F1z.16), whioh are aotuating motors of the . i
follow-up systems of +he tracking (oontrol) channels and ﬁf
ritch stabilization respeotively.

Bank turning of the homing antenna (with respect to the b
elevation shaft Journals) is effeoted by D.C. motor [il=7, f?i
type IH-11, whioh is the actuating motor of the bank stabiliza- h
tlon follow~up system. !

o M A e T T

AT TR e
L IR

i
o
i

The field windings of all the actuating motors are fegd o
from the 27-v 7p.C. aircraft network.
Control volitages are applied from amplidyne unit I-14 5}f
to the armatures of actuating motors Ml-4 through the azimuth - ;fﬂ
channel and Mlell through the elevation channel. - }»}
Control voltages to the armatures of actuating motors
b M1l-7, and M1-10, and I11=3 are supplied from the relay
amplifiers of stabilization units J-9 and J-19 (See rigs 14, b
15, 16, 17) through banlk, ‘elevation and azimuth channels I
(course stabilization) respectively. ‘ e

The azimuth channel follow=-up system controlling the

. %‘"'VL
v antenna rotation in azimuth consists of azimuth selsyn NM1-6, %5
type XC-1, coupled through a reduction unit w l
and a selsyn-transformer, type XCc=2,

stator windings of azinuth selsyn Ml-

1th the antenna, &W
in the control panel. The L

The rotor winding of the ag

imuth selsyn is supplied with P
115 Vv , 400 oepes. from the auto

matie control box. o

H
_ b
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By rotating handwheel AzIMUTH (ASUMYT ) on the control
panel the operator turns the rotor of the azimuth selsyn-
 transformer, type XC-2, theredy introduecing an error silgnal
'in the azimuth ohannel of traocking unit J-10.

The error signal is belng converted and amplified by
the D.C. amplifier (unit J-10) whose load is the control
winding of the amplifying dynamotor Cunit J-14).

The amplldyne output voltage is being applicd to the
armature of the azimuth actuating motor M1-4, which turns

the rotors of the selsyn pair.

The elevation channel follow=up system ocontrolling the
antenna motion in elevation operates in essentially the
same manner.

In this case, the stator windings of elevation selsyn
Ml-12 are oonnected to the respective windings «f the solsyn—
transformer in the control panel.

The rotor winding of selsyn M1-12 is fed with 115 v,
400 o.p.s. from the automatlc scontrol box.

Synchronous rothtion of the ecircular sweep in indicator
unit [-5 and plan position indicator J=-6 with the homing

antenna 1s ensured by a follow=~up system consistinz or

antenna-mounted transmitting selsyn Ml=-1, type CIC-1, and two

respectively.

The stator windings of the azimuth sweep selsyn (Hl~1)
are connected to the corresponding receiving selsyn in units
I=6M ana J-5.

The rotor windings of these sclsyns are fed with 115 V,

'400 o.p.8g.

The above solayns turn in synchronism.

For synohrénous &nd inphase rotatlon of the sighting and
homing antennas in azimuth, as well as for the recciver course
indication, usc 1s made of a sighting follow=up system
consisting of sighting solsyn M1-2, type A=3, whose stator

SECRET
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'windings are conncoted to the corresponding windings of the
selsyn=-transformer, type 4A=3, located in courso indioation
unlt JI=15 and the corrcsponding windings of sclsyn—transe—
former, type A-3, in course indication unit JI-21 (4in COMBAT

) ) COURSE mode) or in sighting station J=-29M  (in BEAM CAPTURE
mode). :

The rotor winding of sclsyn M1-2 is fed with 40 V, L
400 c.p.s. from the transformer in unit [I-13M.

For remote transmission of the elevation anslc of the
homing antenna to the pointer instrument in the control vanel,
a follow-up system is used consisting of transmitting selsyn
M1-9, type CICM-1 and a receiving selsyn CMCU=1 in unit J=11.
The stator windings of clevation selsyn indicator (M11-9) are
connected to the corresponding windings of recelving selsyn

13 f &b

CMCM-1  whose rotor, as woll as the rotor of sclsyn M1-9, £
is fed with 115 V, 400 o.p.s. )

Both sclsyns turn in synchronism.

The antenna radiator and reference voltage generator
M1~13 arec driven round by a D.C. motor, type 260 (ri1-8).

The reference voltage pgenerator rroduces two sinusoidal
voltages shifted in phase by 90°.

o G T I S T Ay T

; ' Thesc voltages arc suppliced as rcference voltages to unit
I-10 +to shape the antenna control signals during automatio
: tracking (Seec Fiz.22).
Bank and pitch potentiometers Rl-3 and Rl=6 together with
the transmitting potoentiomcters of the verticnl

bridges (or mensuring transmitters) of tho bank
stabilization follow-up systems.

The measuring=transmitting bridge of the bank stabiliga-
tion system 1s fed with 40 Vy 400 o.p.s. from transformer L
Tpl-l mounted on the homing antenna.
| The slider of tho bank=-transmitting potentiomecter located in
' - vertical gyro All-5 4 ocarthed, and the voltage from the slider

:,of bank potentiomoter Rle3 ig being appliecd to bank gyrostabiliza-
- tlon unit J~9. _ -

&yro constitute
and pitch

e e
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| : Here this voltago is oconverted into D.C. control voltage ' o

] whioh forces motor M1=7 4o rotate in bank (the latter is . gff

ocouplod through a reduotion gear with potentiomoter Rl=3) : Wﬂ

until the potential difforence across the potentiomoter : .

] sliders 1is zero. N

) - ' Bank check potentiometer R1~3 mounts 1limit switches ‘ ‘?

- Bl=5 and Bl-6 which opcn the oircult of actuating motor 5

‘M1=7 on the boundaries of the bank working area.

The pltoh stabilization follow=~up system operates in
the same manner (See Fig.21).
The bridge eoirouit arrangement of pitch potentiometers

Rl=6 and RI=2 of tho vertical gyro 1s supplied with 40 V,

400 o.p.s. from the transformer in the control panel.

| Signal from the slider of potentiometer R1-2 (vertiocal

] gyro) is passed to the pitoh gyrostabilization unit.

The output voltage of unit =19 is fed to the armaturc

of eleovation actuating motor M1-10 and rotates the antenna

and the slider of pitch check potentiomcter R1-6 until the

i plteh voltage 1s zero. ' L
' The antenna tilt in eclevation equals 7° up and 42° down. , EJ

" To limit the antonna t1lting within tho spedificd range i

there arco two 1imit switohes Bl-3 and Bl-4.

[ ‘ Upon operation, these switches oncrgize relays P1l3-3 and

P13~4 in the control pancl by means of which the control

! windings of the clovation amplidyne are shunted by selenium

' reotifiers (located in the control pancl).

! i This results in closing the amplidyne field windings and, i

! X oonsequently, in the clevation astuating motor (M=-11) coming s
it0 a standstill. ‘

o ? Relays P13-3 and P13-4 break the armature circuit of |

felevation stabilization actuating motor M1-10 at the edgo of .

f the elovation working arca.

i

: | Gourge_stabilizotion follow=up systom B

The homing antenns is course-stabilized by moans of flat
transmitting selsyn M1-5 , type [ICI, ooupled with the gyro
compass selsyn. ~

;

B e nar
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The rotor of sclsyn Ml=5 is supplicd with 40 V, 400 c.p.s.
“from unit I=133 tho stator windings of this selsyn aro
conrieoted to the corrcsponding stator windings of the selsyn=-
transformer, type ICI in thé gyro compass.

The voltage from the selsyn-transformer rotor proportional

. tec the angular differcnce between the rotors of thesc sclsyns

is fed to the input-of unit I-1Q (course stabilization channel),
where it is amplifiecd and converted 1nto D.C. voltage being
supplied to nctuating motor Ml=3, type IK-11 (Fig.17).

Motor Ml-3 rotates the homing antenna through a rcduction
gear toward rcduction of the course offir.

Course indleator Bl-l operates to send a pulse to unit
d=5 when the antenna aziruthcoinoides with the lubber line
of the aircraft.

Contact ©T1=-2, through which the relay is energirzed to
phase the oirenlar scan selsyns of units J-5 and J-6, is
closed by a cam whose arc is 46° ( £ 23° with reference to
the azimuth axis of the reflectcr).

tilevation limiting of homing antenna J-1

The homing antenna may tilt up and down in elevation
within angle 8° up ana 42° down.

Special clevation sfowing switches prevent further motion
of the antenna and appearance of substantial efforts during
stops.

The connection diagram of the elevation stowing switches
ig shown in Fics 18,

Selenium rectifiers J13-1 and J13-2 incorporated in

the automatic control box (unit J~-13M
in one direction.

With open contacts of relays P13=4 ang P13=3, the selenium
rectifiers are dlsoconneoted and the antenna may be tilted

up and down (depending upon the ourrent intensity in the
amplidyne control windings).

) pass ocurrenis only
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' ' ' Suppose the current of valve J10-11 prevails over that
of valve J110-12.

J The antenna in this ocase moves upwards.

f When the antenna reaches the extreme upper position the

) h upper limit switoh oloses to feed + 27 V to relay P13-3. ¢
The relay operates, which results in the amplidyne field &{

winding being shunted by selenium rectifier J13-1, magnetioc i

field disappearing and antenna stopping.

When rotating the elevation handwheel on the control panel ?
in the opposite direotion, the ancde currents of valves J10-11 [
' and J10-12 of IF amplifier in unit J-10 are so changed that ’
' ' the current in the amplidyne control windings changes its
slgn and the ourrent of valve JI10-12 will prevail. ?Vf

Az selenium reotifier 13«1 passes current only in one ﬁ?;
direotion, .1t fails +to shunt the field winding of the amplidyne;
the antenna will start tilting down; as a result, relay P13-3 Ris
will be deenersized and break the field winding circuis [
shunted by selenium reotifier J]13-1. Eoo

With the antenna in the extreme lower position relay Pl3=4 | ﬂff
' operates to oconnect selenium reotifier [13-2 which will i
function as mentioncd above. - B
, ' During simultaneous closure of the upper and lower limit !
, switches, relays P13-3 and P13-4 break the i 27-¥ circuit of
\ tHe elevation relay amplifier incorporated in unit J=19. bl

B e T
R e R -

e,

ek

Remote transmission of antenna azinuthangle o
The renote angle transmicsion system for synchroniging. _ Qp
the azimuth rotaticn of the homing antenna anad &weep on plan ﬁﬂ
position indioators J~5 and [-Gil ocomprises i braasmitting . ‘&\
selsyn, type CIC-1, looated in the antaxss-arimuth reduction ff
unit and two reaeiving selsyns, type CMC=l, installed in units AP
I~5 and J-64 respectively.
. The receiving selsyn turne the defleoction coil of the
indicator in stop with the azlmuth rotation of the antenna.

TR
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The rotating antenna 1s coupled with the rotor of selsyn
CI'C-1 through a step=-up gear ratio of 1:10, and the rotor of
"selsyn (MC=1 is coupled to the deflecotion ooil of +he indicator
' ~ through a step-down gear ratio of 10:1.

Thus, the antenna will rotate in step with the deflection
coll, and the angle the coil lags behind the antenna is 10
times as small as the angle the receiving selsyn lags behind
the transmitting selsyn. o

To eliminate the anrular difference (which nay occur with _
the equlpment decnergized due to Jolting or for a varieiy of ol
other reasons) phasing oam switches are mounted on the antenna i
' and in the {ndicator. . / ﬁ

The aation of cam switches is illustrated in Fig.19. :

The oontaot units of the indioator cam switches are so %
agsembled that, with the deflecotion coils rositioned in a ;
right way with roespeect to the antenna, the phases of selsyns il
| CIC-1 and IC~1 remain conneoted through the contact units
; or contacts of phasing relay P12-1 housed in the connecotion box j
of unit I12M. ' _ -

Before operation of the cam switches leccated on the | 'd
antenna and in indieators I=5 and JI=6M tnpe phases of both o .
| selsyns stators are nonnected through the contaot unit of the

indilcator oam switon.
b When the antenna occupies the position within 157° ana
| ‘ 203° (180° 2 23%) the Phasing cam of the antonna - protrusion
of the main gear rim - males the contact unit of the antenna ;
cam close and relay P12-1 ig oarthed. i
l The rclay contaots operate to conncot the phases of tho : It
P stators of selsyns CIC~1 and Cpc-l.
) ; The indicator phasing cam

S e o

pwsiaent;

: = @ protrusion on the deflection ¢ )
i coil body - breaks 1ts own oontaoct unit while passing position
~180° % 18° during the ccll rotation.

Wt the stator phases of the selayna remain oonnocoted, o

since relay Pl2-1 contaots oontinug connecting the stator : s
phoses. B
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, The coperating angle of the antonne oam equals 460, vhile
that of irdicator cam equals 36°.

E If the antennn.aﬁgrdeflection collas are phased correctly,
L the clrcuits of the selsyns will not be npen during the

) antenna rotation since closing of the antenna-mounted switoh

) - overlaps opening in the indicator by & 5°,

o ' In case of dephasing the circuits will be broken and the
| defleotion eoil rotation will be retarded until the coils are
.in the position corresponding to that of the antenna.

2. Transmitter-Receiver N-2M

———

The transmitter-receiver consists of:
1. Bubw-ddlator designed to shape the pulses triggering
| the modulator.

2. Modulator designed to shape powerful pulses modulating
the magnetron osoillator.

3. Magnetron oscillator designed to gencerate powerful
; . radio-frequency pulses.

; 4. Vaveguide system with T=R switoh, mixer and klystron

r , | oscillator.

The system 1s designed to receive and convert the target
' echoes into intermediate-frequanoy pulses.
5. IF preamplifier.
] 6. Klystron automatic' frequency control oircuit desigmed
to keep intermediate frequenoy constant.
b 7. Power pack consisting of filament transformers, highe
voltage reotifier feceding the modulator valve anodes, the
rectifier feedins the anodec of the submodulator valves and
screen grids of the modulator valves, bias rectifier for the
modulator and submodulator control rrids. Ty

,chematio dlagram of transmitter-receive

— e e =" — e e — Y

-

Ig. 20 shows the sohematic dlagram of the transmitterf
 receiver.
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The transmitter-receiver is started by positive pulses of |
10=V amplitude from the autoselcetor lock unit. i
' The repetition frequency during search opemadiyy is Ry c.pi
during tracking is n, c.p.s. wobbulated at frequency 0 c.p.s, |
The trigger pulée 1s passed through autotransformer Tp2-]1
to the grid of the trigger amplifier oconnected as a blocking

The pulse amplified to 160 V 1s communicated from “he f
cathode follower to the control grids of valve I'I-30 (J12-2)
through duration switching relay Pp2-1. i

The submodulator uses dual beam tetrode IM~30 in o biased |
blocking oscillator circuit.

Durling the pulce intervals the blocking oscillator is
biased negatively with - 120 £ 10 v.

The bias voltasge 1% impressed on the control grids of
valve J[2-?2 through grid deak R2-12 and grid suppressors R2=10
and R2-11.

The blas voltage is taken off from resistor R2=31, bias
rectlfier divider.

The trigger pulses drive the blocking oscillator valve
12«2 into conduction.

The blocking oscillator produces short pulses whose length
1s determined by the characteristics of the valve grid circuit.

The repetition frequency of the blocking oscillator pulses
corresponds to that of the pulses arriving at 1ts grid. The
valve anodes are coupled through resistors R2-8 and R2«9 to the
anode winding of pulse transformer Tpa=3.

- Reslstors R2-4, R2-76, R2=6 ang R2=-5 connected in parallel
with the input (grid) ang output windings of the pulse transe
former, serve to quench parasitic oscillations ooccuring on o
the pulse trailing edge due to porasitlo parameters of the
pulse transtormor. , '

From the divider composed of R2=5 and R2
voltage for monitoring the submodulator pulse
lograph when aligning the transmitter-receiver
£1fth winding produces a trigpge
amplitude.

-6 1s taken a
on the oscil-

+ The additional
r pulse of at least 100=V
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., The transnitter-receiver unit provides for operation with "

: ﬁ?o pulse durations. ‘ i

! ?'li The durations are changed over vy means of relay pe-l. ' ;

‘ Z L When the blocking oscillator operates with a circuit bf

i i . oomposed of 12-2 and 02-5, the pulse duratlon gquals 0.5%0,05 useoc. i

- ' i vhen the blooking oscillator operates with a circult oo

| ’abmposed of L2=1 and (2-6, the pulse duration equals 1%0.1 mseo. s

-4 The duration switching relay is controlled Irom unit J1M.
; The shaped puloe 1s fed from the output winding of

tfansformer pp2-3 to the control grids of the modulator valves. b

~ The amplifude of the submodulator pulse 18 1000 % 100 V. | B
_; The transmltter modulator uses valves n2-3, J2-4, pulse !

~ tetrodes TMI-83, parallel-connected in a oircuit with partial =

' ;”discharge of the storage oapacltor.

} _ ‘_;é During the pulse intervals the modulator valves are cut

:'off on the control grids by negative bias vnltage of

| ~-800 £ 50 V.

] ‘ ; This voltage ic applied to the ocontrol grids of the

y 3-m;dulator valves by the bias rectifier from the anode of valve U

l

,ﬁ2»6 through the winding of pulse transformer Tp2-3 and i
 pesistors R2-13, Re-18. ' :
;; l The sorecn grids ci the modulator valves are fed with
~a positive voltage of 1200 %50 V.
f nhis voltage is applied to the screen grids of.valves : T
' N3, J2-4 through limiting resistors R2=14, Rg}}£§*;nd '
ﬁg—IG‘from the rectifier feeding the anodes oI submodulator
- Ie-s.
o tt% The screen grids are blocked by capacitor C2-10; in
i . parallel with the capacitor is placed discharger PU2~1
7,;§0tcoting +he valve grids from maxinmum voltages ocourring in A
i case of intervalve breakdowns. , '
b . The modulator valves aro -triggered by positive pulses
) feﬁ 1000 £ 100 V amplitude being fed to the control grids of
E%ﬁe modulator valves from the output winding of pulse
_iransformer Tp2-3. -

ot
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In this case, the control grids are found %o be kepnt at
a positive potential of the order of 100 to 250 V.

The valves are sharply made conductive, their internal
resistance drops to some 100 ohms and the reservolr capacitor
discharges partially through the valves to the magnetrons. As
a result, the magnetron cathode appears to be at Lizh negative
-potential.

Reservoir capacitor (2-13 has rdther sz large capacitance
valve (0.05 microfarad), therefore during the pulse time there
is no noticeable voltage drop aoross it, and the top of the
pulses coming to the magnetron remains almost flat. Tpon
cessatlon of the positive pulse on the arids of valves JI=3

and JI2-4 +the valves are driven to cut~off, reservoir capacitor

€2-13 1is charged by the high-voltage rectifier (valves J2=7

and JI2-8 ) through R2-17, R2-19, R2-20 almost as hizh as the
voltage of the power source (14.5 XV). Resistor R2-20 and
capacitor (2~14 constitute g measuring circuit meant for
measuring the marnetron current D.C. component by a neter
located on the control panel.

The magnetron is used as a high radio-frequency oscillator
in the trensmitter unit, « ey

The radlo-frequency energy of the magnetron iz

. passed
through the wavesuide run to the antenna.

The antenna is
changed over to the reception or transmission channel by
means of the antenna switch formed by anti-
(PP6; I112-11) and

transmit-receive tube (PP=49, J2-12)
sonnected to the n

arrow side of the waveguide.
Used as 2 loecal oscillator in the unit ig g klystron

oscillator ¢ J12-10) produecing continuous radio=~
oscillations with

frequency.

frequency
a Ifrequenoy 30 Mc/s higher than the magnetron

During reception the target echoes a

re communicated
through the antenna to + .

e main waveguige onto orystal mixer
I2-1. This mixer is also fed with the local osolllator output.

From the erystal mixer +he IF pulses are supplied to the
input of the IF preanplifier. »
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- f The IF preamplifier is a 3=-stage amplifier wusing valves
Rl (=13, N2-14, J2-15).

’i ; When powcrfu] magnetron pulses arc transmitted into the
.fantenna, part of the magnetron energy breaks through the

- attenuator with 70-db attenuvation and is supplied to crystal
{,mixer 2-2 of the AFC channel. The same orystal mixer is
Z?supplied with radio-frequency energy from the klystron (JI2-10).
faés The crystal mixcr output convorted in the ATC mixer cell
;‘is fed in the form of IF pulses to the two=stage IF amplificr
using valves GVl  (JI2=16 and JI2-17 ), amplificd by it and
i5 coupled to discriminator, 6x6 (JI2-18 ). The detected pulses
©"(video pulses) are furnished from the discriminator load %o
the double-staggs video amplifiler. From the video amplifier
;pouitive- oth pulses are passed to the grid detector (half=-
?fsf valve JI2-20-6H9C).

,’ The negative voltage regulating the klyufron frequency
;fvhriatlonsis pided off the anode load of the grid detector and

| is coupled to the klystron repeller.
L The potentiometer for manual control of the klystron

’::epeller voltage is carried on the control panel.

i The power pack of the transmitter-receiver consists of
f.%alve f4lament transformers and three rcetiiilern,
j .j The rectifier supplying the submodulator anodes and
" modulator screen rrids utilizes valve Bl-0.02/20 (J2=5).
1Y The blas rectifier utilizes wvalve B1-0.02/20 (JI2-6 ).
R The high-voltage rectifier utilizes valves Bl-0.02/20
C(Je=7, N2-8). -
" The filaments of valves l2-1, N2-2, Jl2-3, Ji2-4, J12-5
- and JI2-6  are supplied from transformer Tp2-6.
g~£ Valves J[2=7 and JI2-8 are supplied from filament
§<transformcr Tp2=7. '
; Magnetron ouoillator J2=9 is supplied from transformer
E,sz—A

: The valve filaments of the reoeiving portion of the unit
:jwalves 12-10, N2-13, N2-14, N2-15, JN2-16, J2-17, N2-18, J2-19,
; 3-20) are supplied from filement transformer Tpe-9.
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The bias and submodulator supply rectifiers (JI2=5, JI2-6 ) 4
use a half-wave olroult and operate from common transformer L
Tpe=5.

The blas rectifier is loaded by capacitor (2-22 and a Volty : giﬁl
divider composed of series-connected resistors R2-29, R2-81, yg
R2-30, R2-31, R2-32. The load of thec submodulator anode supply e
rectifier and the screen grids of the modulator are capacitor
C2=19 and a voltage divider composed of resistors R2-22, R2-23, |
R2=24, R2=25, R2=26, R2=27. | L

The submodulator and modulator bias rectifier vroduces a ; b
voltage of - 900 £ 50 V. The voltage produced by the rectifier
F supplying the submodulator aznodes and the screen grids of ?
| ‘valves J[2-3, JI2-4 equals 1400 % 50 V.

‘ The high-voltaze rectifier supplylrg the anodes of the LY
| modulator valves employs valves 12-7, 2-8 in a voltage doubler ?ﬂf
? circuit.

The rectifier load is the capacitive filter formed by i
| capacitors (2-24, (2=-25, the anode circuit of the modulator di
valves and reservoir capacitor (2-13.

" The rectified voltase at the rectifier output can be !
regulated by changing over the taps of transformer Tp2-8. o e
Stepless control can be effected in box J12M
a variable resistor connected in
, winding of transformer Tp2-8.

Cooling is provided by Ffans M2-2 ( I-7) ana m2-1 (-7 )
| installed in the unit.

by means of
series with the primary

The motors are supplied from 27-v shipt's mains.

Vhen hirgh voltapge is switched on the magnetron filameht

voltage is automatically reduced from 6.3 V to zero. |
To ensure safc attendance of the unilt, the latter - L
» incorporates electrical (UK2-1) and mechanioal (BK2-2" *nterlocks:

To protect the recelver agalnst bulse interference via

S 1 s T a
: the supply oircuilts the modulator ig provided with a number o

of decoupling filters. e
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Pressure inside the unit is oheoked by rheostat pressure -

ransmitter JI2-1 measuring the air pressure within 0.8 to i

.5 atm. ‘ o
When the pressure inside the unit drops below the rated

alue (0.8 atm.) the pressure transmitter automatically opens

he primary supply circult of the high-voltage reotifier. Air

4Anto the unit and wavegulde system is pumped with the help v

£ a hose and a valve gonnected to the air main of the aireraft.. ﬁf

N 8
The frequency generated by the magnetron 1s fl Mc/s. '
L The average power generated by the magnetron is at least : ﬁﬂ‘

o Pulse duration:

j;g (a) 0.5 £ 0.05 mioroscos 8
¢ (b) 1.0 £ 0.1 mioroscc. : - L
The pulses repetltion frequenocy: ﬂf’
(a) n, c.p.s., wobbulated; ’
(v) n, c.p.s.

.The intermediate frequency of the IF preamplifier is

L i ] :‘|‘ .

30 0.3 Mo/s. ' R 2
: !f The amplification faotor of the IF preamplificr (X) is ‘ ﬁ;

‘ at least 10. b
£ The passband of the IF preamplifier (at 0.7 voltage level) %;
)

‘21 13 at 1east 6 Mo/s. ' i
e The sensitivity of the receiver ohannel is at least 94 db.
The amplitude of the starting pulse 1s at least 100 V.

o The AFC passband of the system amplificr (at 0.7 voltage

- level) must be at least 2.5 Mo/s when readings are taken

_ " ¥1th respect to 30 lo/s.

f ig'% The voltage of the klystron frequency control l1s

- 160 £ 30 V. R . b

x The unit operates on: R
’ (n) A.C. voltage of 115V 3 por oent, aoojgg 0.p.5. _ B i

R VR

T

T ey B
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D.C.
D.
]).Cl

voltage of + 27 £ 2 v,
regulated voltage of 300 Vv & 1 v.
voltage of + 140 V £ 5 per cent.

D.C. regulated voltage of =225 V £ 5 per cent.
unit consumption:

Jot moro than € A in 115 V, 400 c.p.s.
Not more than 3 A in 27 V circuit.
Not more than 35 mA in +300 V stabilized voltage

m
Lie

circuit.

Not more than 4 mA in =255 V ecircuit.

Irigger ot

ge

dgéigned fer amplifying the trigger pulse.

The trigger pulse is shown in Pig.21,

The trigger stage employs duwal triode GH8C.
the first valve inecludes P

The input of
ulsc autotransformer Tp2-1 whose

burpose 1s to ampliy the trigger pulse.

The left portion of the valve function
oscillator, the right portion,

The constants of the trigger

: S as a blocking
as a cathode follower.

stage are summarized in

Table 1.
PTable 1
U N L=
heater? Iheater’ Uanodel’ anodea’ Egl’ Eros Uout?
v A v v v v Vv
6.3%0.2 400350 400450 [ -3335 0 160
Submodulator

The submodulator employs valve I-
separately e:

du;ator cireuit 4o shown in Pig,22,

oonstants

30 (J2~2 ) in a
circult. The submow
The blooking oscillator .

todlted tlockine oselllator

are glven in Table 2,
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i Table 2
i
% Uheater? - Theater? Eg1 Eg2; Vanode?
WOV A v v v
% 6.3%0.2 2.5 =120%10 600 1400250

ﬁ The blocking oscillator 1s triggered by positive pulses
of 160~V amplitude being passed from the trigger stage.

i The trigger pulse will open the valve right after the
1ine has been discharged. The line discharge takes place
i;ather slowly and is entirely determined by grid leaks Rz2=-ic,
52-32 The amplitude of the pulses at the submodulator output
{m 1cco v £ 100 V.

out ~

Modulator

YN R

? Flg.23 shows +he modulator circuit. The modulator employs
“two pulse tetrodes, type I'MI-83, operating in parallel. The
%modulator operation 1s based on partial discharge of a reservoir
tcapacitor to the magnetron through the modulator valves.

The constants of the modulator valves are tabulated below.

I:{

i

b
&

; e Table 3
€
éﬁ
aUheater’ Iheater? Uanode? Ianode’ b2 ) Egl’ Ugl’
k v A kv "mA ~ v v v
% 2,15 |at leasgt 12 1200%50 | =900%50] 1000%100
13 '
)

In intcrvals between the pulses the control grids of the
modulator valves are supplied with large negative voltage
Egl = =900 V from the bias rectifier. The pulses of 1000 = 100 V
tamplitude produced by the blocking oscillator are fed to the

SR A -,«r N S Y R M o X e,
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‘anode of valve IY=30 ( 41400

NO FOREIGN DISSEM
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control grids of the modulator valves to the output winding
of the blocking transformer. In this case, the valve oontrol
grids are found kept at high positive potentisl of + 100 to

- 250 V.

Voltage Epé =12ct)i 50 V is applied %o the scrcen grids
of the valves from *the submodulator supply rectifier through

resistor R2-16, R2-15, R2=-1k4. Resistors R2-13, R2~18 containej.

in the control grid cirouits of the modulator valves are
Intended to cancel spurious oscillations in the modulator.
Reservoir capacitor (2-13 of the modulator has a
0.05-microfarad valuec and is rated for an operating voltage
16,000 V. During the pulse intervals it is being charged by
the high-voltage rectifier through charsing resistors R2-17
and R2-19. The capacliance value of the reservoir .
capacitor, 0.05 microfarad,ensures that the voltage pulse -

%11t does not exceecd 5 per cent of the amplitude value.

The bias rectifier scrves to supply negative bias voltage

to the control erids of valves I-83, I'M-30 and 6HB8C. It
employs a kenotron, type Bl-0.02/20.

The blas rectifier is loadeg by fllter capacitor (2-22
and resistors R2-29, R2-81, R2-30, R2-31, R2-32 connected in
parallel with 1%. The rectifieq voltage equals =900 & 100 V.

(22, outmodulator supply rootirter

The sutmodulator rectifiep feeds positive voltage to the

£ 100V) andto the sorcen grids
of valves ['MI-83 ana T-30,

Flr. 24 shows +he schematio dlanr
supply rectificr and bias rectificr,
onqktxansformor Tp2ws,

The submodulator

am of the submoduletor
Both reoctificrs employ

Supply roctifior uses kenotron Ble0, 02 /20
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§92.{%§ —Ygltgge recotifier supglying
* 0w .ll..l.l.l'.......O S0 e 0o
wnoden,of votves INM-83

The high-voltage rectifier uses kenotrons, type Bl-o 02 /20,
in a voltage=~doubling cirecuit.

%g Fig. 25 shows the reotifier circuilt. The rectifier employs
4wo transformer Tp2-7 and Tp2-8.

%3 Tp2=7 1s a filament transformer designed to feed the
filament“ of the rcctifier wvalves.
% Tp2-8 is an anode transformer designed to feed the anode

bf the high-voltage rectifier valves. The primary winding ou
transformer Tp2-8 1 provided with three taps whose switching

5enab1es control of the magnitude of +he high=voltage; the winding
ds fed with 115 V, 40C c.p.s.

7
':-‘fr
5

£

- The wavegulde system of the transmitter-receiver unit
“6ongiutu of the main waveguide connecting the magnetron
~pvcillator with the antenna wavegulde system, and a T-R switch
with klystron and mixer chambers.

ﬁ Radio-frequency head [-2M meets the following require-

ments-

g 1. Minimum losses in the transmitter pulse channel arec

0.2 db. ‘

Eé 2. Minimum losses in the receiving signal channel are 2 db.

§ 3. Possibility of frequency retuning over the f;équency
| (range il 430 Me/s 1is 0.5 per cent.
' 7 The T-R switch employs an ordinary branch ocircuit.

¢ {E The schematie dlagram ig shown in Pig.26.
b S Simultaneously with the ploked-up signal the radio=-
é?requenoy enercy radiated by klystron 3 is applled.<to the
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k - detcotor tlrough adjustable slot 1. Detector J2-2 of the'Apg' .
channel is fed with radio=-{requency energy Trom klystron 3 ii_ﬁ

through adjustable slot 2. ;T

] ' Ad Justable screws 1 and 2 make 14 rossible to set the ‘ '

requircd values of the crystal currents.

Inserted in the klystron cell, across the waveguide, is
o absorbing plate 4 made of graphitc-coated rertinax. The plate
. when set in a right way with refercncc to the short-

circuited walls (5 mm) is the matched load (SR = 1.3).
signal detector J[2-1

1s thus made to act as a convertor e
\ producing IF signals which are then furnished to the input of e
i the IF preamplifier. b

The radlo-frequency head and the IF precamplifier are b
I

AR
dircctly coupled to each other. When the nagnetron generates TR

a strons pulse an cxtremely weakened magnetron signal (60~70 db a0

| ' attcnuation) 1s passed to A¥C crystal detecetor J2-2 through iﬁ;
round hole 5 in the maln waveguide angd eylindriecal waveguide ;ﬁ

| 6 which is, in cffeot, a cut-off attcnuator. i

_ | e
| From the output of the Arpc orystal detector the IF signal i b
|
|

| is communicated to +the input of the IP preamplifier of the AFC

channel and is thus used for the control of the APC circuit. é S }”f

A suiflelently larpge iterative attenuation between the é
signal detcetor and ATC de

teector conslderadbly improves the
| freqluency speetrum of the pulse controlling the AFC oircuit,
which enhanccs operational reliability of the AFC system.

Capacitors 01 and 02 (6 4o 8 pleofarads) are constructional
parameters of the orystal holders.

The keep-alive clcetrode of the TR cell ig ' i)

fed with ;
negative voltage through antl-relaxation resistor R2=-37. 2

"The radio-frequency nhioad has the following ocontrols: adjugﬁﬂ¢ o
- sorew of TR cell resonance frequency PA[I (8) and crystal

current adJusting serews 1 and 2, adjusting screw of ATR ocell o ﬁﬁ
" resonance frequency PHI (N, R

ey . ——
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IF_proamplificr

Y
o

: 3 The uohcmatio diagram of the IF Preamplifier 1s shown
in Fi{«’-t-'?-

The purpose of the IF preamplifier is to amplify the IF.
‘8ignal provided the best signal=to-poise ratio is preserved.,

. The IF preamplifier oconsists of three stages: the first
%two stages are a combination of an earthed-cathode triode

:and grid-earthed triode; the third stage 1s a normal pentode
§amp11fier operating into a 90-ohm radio-frequency ocable.

The IT preamplifier possesses the Tollowing advantases:

| .ﬁ (1) low noise factor determined by the low noise footor
“of the first trilode;

| ﬁ (2) stable operation, since the first stage has a gain of
| ‘about unity.

| - % The IF signal is passed from crystal nixer JII-C4 (I2-1)
zto the grid of valve 6K1I (J12-13 ) throuch inductively
ucoupled windings of clrouit 1.2-10 and L2-11l.

% Coils I2-12 , L2-13, L2-14 and capacitors C2=44, C2-45,
02-46, C2-47 constitute filters in the orystal current oircuit.

e L

% Capacitors C2-44, (2-45, (=46, (2-47 decouple this
; 501rcu1+ from the high~frequency currents.
¢ The signal amplified substantially in power by valve

i GY1II (I2=-13 ) is fed through isolating capacitor ¢2-50 to
the cathode of grid-earthed triode GX1I (J12-14 ), The coil

, 'in the anode of valve /M2-13 serves as a load.

i 3 The flrst valve J[2=13 iz neutralized by lnductance

i coil J2-16  tuned together with grid-anode capacitance.

} The use of neutralizing improves the nolse factor by 0.25 db.
The cathode=anode capacitance of grld-earthed triode J2-14

' i3 sufficiently larse (3.1 ploofarads) and 1s neutralized T
- by inductance ooill L2=32 resonating with this capacltance.
The sirnal from the anode of valve JI2=14 15 coupled through
isolating capacitor (2-55 to the control grld of valve 6X1II

' (N12-15 Y of the normal pentode amplifier operating into a
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\ ‘ _ 9C~ohm radio-frequency cable. The oircult of the valve grig ig
‘ tuned to a frequency of 33 Me/s, while the anode oircuit of

_ this valve (L2=21),t0 a frequency of 27 Mo/s}
' Resistor R2-43 is the anode load of valve JI2-15. Conneete
| into the anode circuit of valve J[2-15 1s coll T2-21 which
5 together with lsolating capacitor §2-56 and resistor R2-44

o - with radlo-frequency catle serve to ma‘bch the TP preamplifier
b with the main IF amplifiecr.

The tias voltage on the control grids of valves J2-13 i
and JI?-191s automatic on account of the voltage drop across

} resistors R2-38 and R2-46. Capacltors (2=48

and (2-58 rlock
b these resistors.

\ . The anode oilrcults of valves JI2=13 and J2-15 contain

filters formed by resistors R2-39, R2-40, RK2-42 and blocking
| - oapacitors (2-52, (2-53, (2=54. The valve anodes arc supplied

\ : with 140 V Trom supply unit [»8.

The Tilaments are conncceted in parallel and fed with ‘
‘i-' 6.3 V A.C. Veing applicd from filament transformer Tp2=-9. Ghdms%
o L2-17, L2-18, L2-20 with capacitors C2-49, (2=00, (2=57 perform |
. the function of high-frequency decoupling filters in ‘

filament ecircuits of the wvalves,

T™e T1 prcamplifier has the following characteristies:
1. Amplification factor of IF preamplifier ¥ . 10.

| 2]

2. Passband at 0.7 level 2 ¢\ - G Mo/s,
3. Mid=frequenoy of IF precamplifier £ = 30

o

the

< 0.5 Me/s.

9 )
P . K}xpjpgp_qu_sxsgem
;

the APC system of the klystron is designed for automatio
control of the klystron frequency so +that the intermediate '
| " frequency may rcmain equal to P

| of the narnetron frequency.
b ' Thao

int = 30 No/s upon variation.

At and scarch system consiets of an IF amplifier,
frequency detcotor (disoriminator), video amplifier, blooking
oscillator and control valve (Sce Fig.28).
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v The output of the AFC system mixer igs applicd to the
&wo-ataro IF amplifior using valves 6X1I] ( N2=16, NM2-17 ),
&‘ The ampllfier input uses an autotransformer oirocuit.
*0011 I2=22 and capacitor 2-64 cong titute an input oircuit.
Reolutor R2=47 scrves to widen the Passband of the input
*oircuxt Coil L2-26 and input capacitance of valve J2-17,as

iwell as the spurious capacitanccu, constitute an input filter

of the sccond stage.

Conncoted into the anode circuit of valve J2-17 1is +thc
primary winding of the frequency detector transformer (r2-27)
0011 L2=-28 iz coupled with coill L2=27 by wecak indicative
couplin~ and, capacitively, through 02«71 (Sce Fiz.29). Choke

'12-29 serves to pass D.C. of dqual diode, 6xC ( J12-18 ), and
to block A.C. Capacltors C2-75 and (2=76 arc blocking
capacitors. Thelr capacitive resistance to I™ currcnts 1s
very small; therefore there is no 4.C. component of the

;potential to chassis on the dual diode cathodes. The output
voltage of the frequency deteotor is taken Trom the common

resistance jack I'2-3 (cathode 8 of JI2-18 ) consisting of

two resistors P2-55 and R2=-56 carrying D.0. currents of both

halves of dual diode JI2=183 in opposite dircetions.
From Ti1g.29 it 15 scen that cach anode of dual dlode
2-18 4s fca with altornating voltage consisting of the sum

of two voltaces; the first voltage is applicd from the primary

eircuit of the transformer through capacitor g2=~71, and thc

' second is edﬁﬂf‘¥g’half, the voltage being developed in the

sccondfry circult. Since the quality factor of the primary
clrcuit 1s comparatively small (duc to shunting action of
resistor R2-52), then near the intermediate frequency the
magnitude of the primary clrcuit voltage being applied to

the anodes of valves JI2=18throuch capacitor (2=71 will not
change practically. _
The magnitude and phase of the seoondary cirouit voltage

‘on cach o2 the anodes of dlode JI2-18 dopend upon the

frequency of the input signal.
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; from T™.29 1t is evident that the Primary circuit voltagg A
is supplicd in phace through capacitor (2-71 to the anodes of o
.the dlode, vhile the secondary voltage, in anti-phase. ;
I¥ 1s well known that at froqueney (30 + 0.3) Me/s near ;
| to the recsonance onc, the resistance of the sccondary circuit ﬁbq
f is actually an active resistance; in this casc, the voltage :
o across the scoondary»winding is shifted in phase by 90° with é
’ respect to the primary winding voltage. Jagsed on this the [
vector diagram of Flg.30 1s considered true. The desimmations
on the diagram mean the followlng: |

| ' Ul - voltage veoctor of primary circuit; ; 7

%Ué = half the vector of secondary circuit voltage
| . applied to anode 3 of diode, 676 (M2-18 ) :
' §U2 - half the vector of secondary circuit voltage ;jf

applied to anode 5 of diode, £::6 (JI2-18); |
3 — vector of voltare applied to anode 3 of diodej
Ug - vector of voltage applied *o anode 5 of diode.

\ From the vector dlagram it is seen that the voltages
applied to anodes 3 and 5 of diode

the currents of both portions of

u

0676 are equalj as a result, .
“he dual diode are equal, e
and as they oppose each other, the output voltage of the v L
frequenoy detector is zero. o

o With a frequency execeeding (30 + 0.3) lle/5 the resistance :

i | - of the secondary cirecuit is of the inluctive nature and the - : ggf
’ vector diagram will have the Torm shown in the figure. i
o From the diagram it is seen that vol

; tages U, and U
- applied to anodes 3 and 5 of diode €35 are unequgl and ghe b

output voltase of the frequency detector 1s other than zero | 0
dth o P 11 )
With ~ frequency telow (30 + 0.3) Mc/s, the resistance o

of the éeeondary olrcult is of the capacitive nature and the @ ¢ =

vector dlasram will have the form shown in Pig

.VOl—La . T L‘)an, 0' ? ‘t‘
vafes Uy and Us applied %o anodes 3 ang 5 of diode v

625 are uneaqual and the output voltage of the frequency
detector is other than zero.
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From the vector diagrams considered 1t is seen, thet the
hase relationships betweon the voltazes of the primary and ; e
ecoondary olrouits are suoh that at frequenoy (30 + 0.3) Mo/s 1 i

\ are equal, while at a frequency exceeding (30 + 0. 3) Mc/s the . ,
} 7 Tesulting voltage applied to anode 3 of the left dlode ‘ iﬁ
increases, and at a frequency below (30 + 0.3) Mc/s the

?resulting voltage applied to anode 5 of. the right diode
"inorcaseu,as Woll, e

‘ Thus, a pulse appears aoross frequenoy detector load :
\ r931stors Re-55, R2-56 the magnitude and sign of which deper : *Ef
| xupon departure of the intermedlate frequency from (30 + 0. 33 1&
EMC/S. Since the given AFC oirouit is operated by the positive : %F‘
%pulse, the characteristic of the frequency detector (discri- :
‘minator curve, See Fig.31) is asymmetrical. This is achieved ' I

%by'inserting resistor R2-80 in the anode of the left portion %ﬁ[
“of valve JI2-18, o
: The point where the discriminator curve passes zero differs LA
zby 0.3 Me/s from intermediate frequency 30 Mc/s so that the
{puloe may be communicated to the control valve (right portion ‘ ;ﬁp
,of valve J2-20 when the intermediate frequency 1s precisely ﬁﬁ
£ 30 Mo/s. '
f - The pulses from tno frequency detector output are supplied g
;to a two~stage video amplifier - valve JI2=19 (6H8C). Variable i
‘resistor R2-57 changing the video amplifler gain serves for ‘ 4 Qg
§sett1ng the required level of the output voltage of the AFC ?U
:System. Positive pulses from the anode of the right portion g
- of valve JI2-19 are courled to the grid of the control valve = b
the right porticn of valve JI2=20 (6KH3C) operating as a : iﬁf
- grild detector. Theco pulses decreasc the anode current through .
?the valve, thercby increasing the negative voltage being : ﬁ?
j'a.ppl:'x.eﬂ to the klystron repeller. The anode current of the i
control valve is the smaller, the larger i1g the amplitude of
the positive pulses coming from the anode of the right portion
of valve JI2-19, i.e. the larger ic the IF drift from the

N o T 4 e g - ————r

s e e e 1
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ratéd value., In this case, as a rcsult of the negative voltage
rlse on the repeller, the klystron changes the frequency boing
generated, owing to which the rated intermediate frequency 1ig
obtained. This is the way how the internediate frequency is

maintained constant within the working section of the discri-

_'minator curve, IL the intermediate frequency changes substantig]

ly (beyond the range of the working section of the discriminatep
curve), positive pulses will not arrive at the control stnre,
For thls reason the anode current will grew through the
right portion of valve 12-20 ; +this will result in a deerense
of the negative voltage on the cathode o the control volva,
and on the grid of the cut=off blocking oscillator (left
portion of valve J2-20 ) coupled to it through chain R2~66,
(2«81, The blocking generator starts producing pulses which
are taken from cathode 3 of valve 2-20 and after bveing
differentiated by chain C2~80, R2=64, N2«62 and R2=-63 arc
fed to the grid of the second stage of the video amplifier
(right portion of valve J2-19) replacing the pulses from the
frequency detector. Positive pulses arec clipped by the grid
currents, while negative after amplification are passed from
anode 5 of valve JI2-20in the form of positive pulses to the
grid of the control valve. The negative voltage at the AFC
output begins increasing changing correspondingly the grid
voltage of ‘the blocking oscillator. As the time constant of
chain R2-66, C2-81 ig large enough, the voltage on grida 1
J2=20 of +the blocking osoillator varies slowly and the
voltage at the APC output has the time

to vary substantially
(by some dozens of volis :

)e This gives simultaneous rise to

the negative potentisl on the grid of the blocking oscillator ‘
and the latter stops oscillating. Aftor the blocking oscillator ¢
ogeillations are stopped, its bulses are not furnished to the
grid of the control valve -and the negative voltage at the AFC

50X1-HUM

i

H
;
i

output starts decreasing until the blocking oscillator is made |
conductive arain, and so on, At the moment the intermediate
frequency coincldes with 1ts rateq velue, the AFC oirouit is
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gcturned automatically to control operation, since the blocking
oselllator 1s out off at this moment.

; Variable resistors Reé-67 and N2=-68 detormine the operating
jconditions of valve JI2-20, 7They can be used for varying the
‘frequency, anplitude and range of the search voltage at the

AFPC output.

‘3. Receiver JI-3'

Purpose

_ Unit J-3 is a component part ol the main receiver and
sighting receiver of station K-IIN. It amplifies the IP
;signals produced by the receivers and converts these signals in
gfarget and sichting video pulses passing then to the indlcators
and automatlc tracking system of the gtation. Besides, the
;unit ensures automatic level control of the plcked=-up target
fsignals and bloecks the receivers at the start of ecach
foperation cycle of the station, thercdby elininating the

harmful effect produced by the leaking of the rnain pulse.

it composition

Accordinz to the functicns performed the unit conmponents

Zmay ve considered under the followins headings:
(a) IT amplifier of main channel amplifies the IF

Il..l......'.....‘..OOOII‘.

§sianals (30 tce/s).
: (b) second detecter of receiver main

%ﬁhe Ir siéﬁﬁis into videv signals.
g (¢) video amplifiler of main.gygggg% amplifies the target

évideo amplitier to the level required ror normal operation
fof the “racking cystem and plan position indicators of the

channel converts
L N )

éstation. ,
i (d4) video amplifior of main channel indicators ensurcs

..!Ql.Ol'.l.l....'...l....‘.......'...‘..

%transmiasion of the target signal to the plan positlon

T e
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indicators of the station and separation of the tracking ang
plan position indicator video circuits with a view to
coupling between these circults.

(e) A¢C doteotor is part of the AGC eircuit of +he main

A L B B I RN IR Y

channel recelver. The circult produces
to the level of the gselected signal,

removing

() @??.§mp}§fi?f ensures obtainment of the required level
of the D.¢. control voltage in the automatic saln control

circult.

(=) 1T amplifier of sightinc channe amplifies the IF

on.‘.t..olloc.oo....'..o.lcoo.

(4o Me/s) signals produced by the nmixer oF the sighting
receliver,

(n) S????@_@?tGQtOT of sighting channel

signals into silahting video Signals,
(1) Videco amplifier of sighting

LA B B B 2y

converts the IF

channel amplifies the

ration of the sighting

ooooc.oo-o--.oooc-oo

signals to the level required for ope
indicator of +he station.

() Dieeblisg pulse mitivivrator produces pulsos aisadi-

ing the main channel and sighting receivers when the transmitter
fires the main pulse.

The schematic dlapgram of the unit is shown in Fig.32.
The upper part of the diagran is oocupled by the IT anplifier,

second detector and video amplifier of +the main channel. Shown

in the middle are tre disabling pulse multivibrator, detector

and AGC amplifier. Tn the lower part of the diagram are shown
the IT amplifier, seccond detector and video amplifier of the
sighting channel. Prom the IT preamplifier of unit J-2M +the
IF signal is communicated +o the valve grid of the first IF
amplifier. Nesistor R3-1 ig connected for matching the cable
and equals its characteristic impedance (91 omms). A1l the
six stages of the IP amplifier of the main channel connected
as an osclllatory circuit inte the grid oirouit of the next
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f:?alve. In %this case sanode resistors p3-4, R3-7, etc., shunt
 %he ciroults ensuring obtainment of the required quality
“ifaotor. The clrcult capacitors of the stazes consist of the
Anput and output capacitances, valve capacitance, wiring
i_cap"citanoe, capacltance of the valve gockets and interturn
ifcapacitance ¢f colls 13=2, L3=4, etc.

The circuits of the first, third and fifth staes are

. tuned to frequency (30 + 3) Me/s. The olrcuits of the second,
s'-::Eourth and slxth stages are tuned to frequency (30 = 3) Mo/s.

oy detuning the tuned clrcults wilth respect to I

€i+ is possible to ottain a 6 Mo/s passband of the entire
anplifier.

The negative=going disnbling pulse is furnished to the

vgrid of JI3-1 through the high~frequency filter and voltage
fdivider R3-3, R3-=2. Capacltor C3-1 prevents short-circuiting
:;of the disabling pulse across the low=resistance circuit of
ifthe amplifier input, capaclitor (3-2 improving the pulse
;éshape.

Resistor R3-5 serves to obtain automatic blas on the

l}grid of valve J3=1. Capacitor C3-4 blocks this resistor
?5for high frequency. Flltering circult R3=06, (3=-5 cancels
‘parasitic feedbaok through the anode circuits of the first
_and second stages of IF amplifier (valves J3-1, 13-2).
%ECapaoitor ¢3~6 proteots the control grid of valve JI3«~2
?against high voltage on the anode of valve I3-1,

The purposc of similar componentc of other IF amplifier

'1°tages iz analogous. Zach stage ralsecs the IF signal level
" approximately six times. The gain of the entire amplifier
‘ makes up 35,000.

The gain of the main channel receiver 1s controlled by

' feeding the grids of the second ( N3-2) and third ( JI3-3) ¢
‘ gtages with negotive voltage (relative to the valve cathodes)

fpom the AGC and MGC oirouits. Filters R3=9, 03=7 and R3=-13,
C3=12 cancel spurious feedback throush the gain control

circuit.
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The ampliricd signal is detected by the diode detector
(I3=7 ) whose oircuit includes: oselllatory ecircuit of the
sixth IF amplifier stage L3-12, valve 6f1l connected as a
diode, and load resistor R3-24,

Connection of coil I3=12 into the cathode of valve JI3~7
causes negative=-going video pulses to appear across the

- deteotor load. Capacitor 03-30 slightly increases the detectop

conversion factor equal to 0.52. Choke I3-13 prevents penetrae
tion of radio=frequency energy obtained during detection to
the video amplifiers. Jack 2 1s used only when tuning the
unit for measuring the amplification factor and taking
frequency characteristics of the amplifier.

The video signals produced by the detector are furanished
through isolating capacitor (3=31 +o the.grid of the first
video amplifier stage (JI3-8 )y amplified and passed further
to the output cathode follower (J3-9 ) employing valve GH1I.
The anode of valve J%8 contains inductance coil 1.3-14 to
improve the video amplifier frequency characteristic in the
region of hight frequencies.

Valve Ji3~8 operates with abslight bias on the control
grid, the bias being built up by automatic voltage drop
across resistor R3-25. Thig providec +he
tlon of the negative=coing pulse.

Double eapacitor 03-32 blooks the
circuits of valve 3-8,

required amplifica-

anode and cathode

Provision of o cath

ode follower (JI3=9 ) in the video
amplifier 1s necessita

ted by further conveying signals over
the low-resistance cable to unit I-7. fThe cathode follower

enables the amnlifie- 4o be matched with fﬁé cable due to
resistance (approximately 100 omms). .
R3-30 iz the rridleak of valve I3-9  and n3-32 1s the

cathode Tollower self=blas resigtor. Filter R3-31, (3-35

cancels spurious feedbaok through a 4300-v rectifier supplying
the amplifier. Test jack 3 1s used fop passing pulses to the

anpllificr irvut when addusting +the wnit,

comparatively low output
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The main chamnel video amplifier urangfers the signal
ento the selector stage of unit [J-7 +to the input of the
video amplifier of the indicators. The video amplifier, whioh
uses valve OHUI (M3-12 ) in a2 cathode follower circuit,

;en sures transmlssion of the signal over the coaxial cables to
units J-4M, I-5 and separates video channels of the tracking
ggystem and indicators with a view to removing coupling

‘between these channels.

5 In the diagram C3-47 is the isolating input capacitor;
33-49 the gridleak of valve JI3-12; (3-48, R3-50, the decoupl—
xing anode filter; R3-51, the self-blas resistor and C3-46,

the isolating output capacitor.

The automatic galn control AGC circuit of the main chaunel
receiver consists of an AGC detector (left portion of valve
H3-13 ) and AGC amplifier (right portion of valve J3-13 ). The
¢arode circuilts of the AGC detector and AGC amplifler are
ﬁsupplied by the rectifier developing a negatlve voltage of
—255 V relative to the unlt chassis. This provides obtailnment
Of the AGC negative voltage controlling the IF amplifier gain.
;The left portion of valve JI3=13  operates as an anode
EETEtor with load R3-54 comnected to the valve cathode.
Negative bias to the detector grid is supplied from voltage
divider n3-53, R3-55, R3=-59 for obtaining the AGC delay.

- The AGC delay is controlled Dy potent lometer R3=53.
Owing to the delay the AGC cirouit starts functioning at a
certain level of the received signal and is dicconnected
fautomatically in case of weszk signals. The target signdl of
%positive polarity is coupled to the input of the AGC deteotor
gthrough capacitor ¢3=54; Trom the sclector of unit H=7.
Across W3-54, (3=50 the D.C. component of the detected signal
is seporated and through resistor R3-58 is passed to the
control grid of the AGC amplifler. The amplified D.C. voltage
1g geparated aorocs resistor R3I-56, filtered by R3=57, €3=31-

| and is applied to the valve grids of the second and third

' stages of the main channel IF amplifler. To this circuit may
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i _ be connected a voltage divider located on *he control nanel
of the station when manual gain control is resorted to,
Conneotlon of the MGC paralyses the AGC action.
This 1s because the low~resistance NGO potentiometer
‘shunts hich resistance AGC ecircuits (R3-57). The time constant
of the AGC circuits determines the receiver ability 4o keep
constant the level of video pulses at the output at various
rates of changing thg plcked-up signals. The time constant
in the circult under consideration is mainly determincd by
the values of R3-54, (3-50 and is taken equal to 0.25 ace.
f Jith these characteristics the receiver AGC does uot
demodulate the signal whose level changes due to scanning of
the antenna dipole at frequency D ceps5. and slowly varies
the si;mal power conditioned by interference. The AGC range
- 1s 60 db at the 22-v signal level at the receiver output.
The TP amplifier of the sighting channel differs from
that of the main channel only in electrical characteristics.
It is also composed of six single TP amplification stages
5 employing minlature pentodes 651 (l13-14, J3-15, 713-16,
| | . N13-17, N3-18, N3-19 ) with tuned circults conncoted into
the valve grids of the subsequent valves. The circults of
the first and fourth stages are tuncd 4o frequency (40 + 5)
Me/s; the cirecuits of the seccond and fifth stages are tuned
to frequency (40 - 5) Me/s, the circuits of the third and
| _ sixth stapes arc tuned to 40 Me/s. The adopted system of

. tuning the circuits to three different frequencits ensures

. 2 passband of the entire amplifier equal to 10 Me/s and
| amplification factor to 7000.
The TP amplifier of the sighting channel is fed with
signals from the IT preamplifier of unit J-16 through a
coaxial cable. The sighting video slecnals are disoriminated
r. by the dlode detector I3-20, which passes them to the
cathode follower (JI3=-21 and JI3-92 Y.

The detectors and video amplifier of +the sighting

channel are similar to those discussed above. The conversion
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F L ?actor of the detector is 0.7 and amplifiocation factor of the &

rideo amplifier is 15. The start-stop multivibrator (JI3-10 ) *ﬁ
fﬁu trigrered by positive pulses leading the main pulses by i
1 microsec. This improves suppression of noise from the main l

Puu.Lse on account of radar time dilsplacements of the main and
. suppressor pulses.

Before arrival of the trigger pulse the right triode g
3-10 is made conducting by +300 V being supplied to the ﬁf
alve grid through resistor R3-43. The anode current of this f@
‘triode sets up x'voltage drop across R34l driving the loft ' %
trioae to cvs -0ff. Whenm a positive pulse arrives at the yg
grld of tb. left portion of wvalve JI3-10, a negatlve puise "Ti
outting off the right triode through C3~42 appcars on its o
anoﬂﬁ. In this case the voltage drop across R3~41 becomes
f'qual to zero and the left triode begins to conduct.

R The right triode will bYe cut off until capacitor (C3-42

,/ﬁ i discharges through resistor R3-43 to a potential approximate-
»’/ "1y equal to the anode of the open left portlon of valve 13-10.
L | After capacitor C3-42 has discharged the cirouit oomes back to
{ ‘t+he initial state, Ll.e., the right trlode becomes conducting
cand the left triode is driven to cut~off.
, g The voltapges in the circuit drop in an avalanche~like
;manner because of positive feedback between the stages. Owing
| " to this condition the circuit produces disabling square pulses. .
' The time constant of R3=-43, C3-42 ic so chosen that the length L

: i of the disabling pulce is approximately 0.5 microsec, which ol
) - ensures overall covering of the noise pulse.

v : Potentiometer R3-38 nakes 1t possible to chenge the

! ' trigger level of the left triode and thercby vary the duration
! of the disabling pulsc whengligning the radar. Irom the .
: anode of valve JI3=10 the disabling pulse 1s furnished through Ty v
' 1golating capacitor C3=43 to the grid of valve I3-11(6K10). |
! This valve improves the ghape of the disabling pulse ool
' by clipping the positive penk, 1limits the amplitude of the
f disabling pulse and reverses its phase. Valve 13«11 ovperates 5
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with a large negative blas on the control s57id produced hy thg
voltage divider R3=48, R3=47, R3=4( = the anode load reslgtang,
of valve JI3-11, R3=45, C3=44 -~ the decoupling anode filtep,
From the anode of valve JI3-~11 the disabling pulse is
passed to the 2rids of the Tirst IP st
sighting channels through a hF filter.
‘ The unis supply: the filament cirecuits of the valves

are fed by tradsformer Tp3=-1 incorporétcd in the unit; in
this case,

winding.“

ages of the mailn ang

vaelve JI3-13  1is connected to an individual urn

Qyéﬁanode circuits of both IF amplifiers
uns*-oilized voltage of 4140 V; the output ca
av. disabling pulse multividbrator are fegd by

are fed with
thode followers

the +300~V
‘rectifier. )
The unit oonsumption: 0.45 A from 117 V, 400 c.p.s.
supply source
=30 mA from +300=V rectifier
=150 nA from +140-V rectifier
=3 mA from =225-v rectifier.
4, \'-)‘“"(‘e’o Uni't H---[.H,I
Pugpgsg
The sweep unit isg designed to:

]
* (@) chape the Saw=toothed current Teeding the rotating
colls of the search indicator.

Y Satgeeee 9o P
\¢) osquare the zezrceh Sweep brightening pulse.
() shape the trigper pulse of

the search Sweep generator,
when the unit 1g

triggered by external Pulses,

(3) obinin ealibration Tange markers used for determining

(&) Mix signals: +q

rzety range mark, hea
calivration rn

ding marker,
nge markers, and present these signals for
intensity modulation or the search indicators when sweep is

LR

on ito rTorward stroke,
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(£) Mix signals: reply slgnals, target selection pulse
and calibration markers for amplitude modulation of A-display
of the sighting indicator.

% (p) Shape the saw=toothed sweep voltage of the target
+raokinb indicator.

§ (h) Torm positive square-wave voltage of sweep brightening
o the scereen of the target tracking indicator.

§ The unit consists of five component parts designed as
three individual subpanels.

Oscillator and search sweep amplifier comprise the lst
gsubpanel (left); marker oscillator and sea arch channel mixer
‘form the 2nd subpanel (middle).

Sighting indicator mixer, saw-toothed voltage forming
channel of the tracking indicator and shaping stage for

‘trigbering search sweep generator from external sources make

5:
B
]
1S

lup the 3rd subpanel (right).

Desoription of functional and schematic

—--— —d es S WM e s

dlagrams_of sweep unit

The diagram includes twenty~five elements of which: )

1. Forming stage, 2. Buffer amplifier, 3. Sweep limiter,
;4 Multividvrator , 5. Saw=-toothed wave generator, 6. Saw=-
toothed voltage amplifier of cperator's indicator, 7. Saw-
toothed voltage amplifier constitute the search sweep channel.
8. Buffer amplifier, 9. Forming stage, 10. Osclllator,

i 1l. Blocking oscillator, frequency divider of calibration
?range markers constitute the callbration marker oscillator.

\ 12. Calibration marker cathode follower, 13. Range marker
cathode follower, 1l4. Vidco amplifler, 15. Output stage

16. Calibration marker amplifier, 17. Calibration marker ;,Y

fcathode follower, 18. Target selection pulse cathode follower,
" 19. Reply signal cathode follower constitute the mixer of the
silghting indicator.
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20. Trigger pulse cathode follower, 21, Multivibrator,
22. Saw-toothed wave generator, 23. Cathode follower,
24, brightening pulse ocathode follower of the traoking
indlcator oconstitute the saw-toothed voltage channel of the

tracking indicator.
The schematlc diagram of the unilt is shown in Fig.3s4.
The sweep unit consists of five component parts:
1. Uscillator and search sweep amplifier.

2. Calibration marker oscillator.

3. Mixer.

L. Mlxer of sighting indicator.

5. Saw-toothed wave gencrator of “rackins indicator.

Usglllator and search sveep amplifier

The unit is fed from unit JI-7 (resistor R7-166 of valve
79 ) with positive-goling, short-time pulscs of 40 = 45 V
amplitude through cable 28. These pulses trigger the search
sweep clrcuit.

The search sweep olrcuit consists of a buffer amplifier,
sweep trigger multivibrator, sweep limiter or gquenching valve,
sweep generator , sweep amplifier and diode restorer. The
block diagram of the oscillator and search sweep amplifier
1s shown in Ti1g.35. An adqitional element of the search sweep

channel ig the forming stage to trigger the sweep from external

sources, wnich is switched on when changing for checking the
station operation. '

sweep trigger forming stage

‘.‘.‘...".. .C"......‘..'

The forming stage serves %o trigger the search sweep
channcl Dby positive and negative pulses of some 15 Vv from
external sources. In this case, switch Bi~2 must be gset zt
CHECIK .

in view of the majority of the pulses used for external

triggering having largoe parasitic pcaks, the right half of
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valve Ji4-15 1s driven to "minimum® limiting, for

its grid 1s blased negatively. This olips the peaks by an
amplitude of 10 - 12 v,

IT trisgering is effected by a positive rulse, the pulse
is furnished from Jack Ty-1 to control

cu-al and is plcked off negative from anode 2 through capacitor

If the trigger pulse is negativc,.it is supplied from jack

I,-6 to cathode 3.

50X1-HUM

whioh purpose

grid 1 through capacitor

The other half of valve I4-15 (grid 4, anode 5, cathodc 6)

amplifies the trigger pulse to 40 V and turns it over. The
pulse is fed to trigger the sweep of the search channel.

Buffer amplificr

LAC L I B BN BN BN B B Y Y W )

The first portion of valve J4-1 (6H9C) is the buffer

“amplificr whosc grid is fed with positive trigser pulses:

the amplifier cathode 1s kept at somc +12 V. This voltage 1s
taken from a divider formed by R4=2 and RL-3. With such a bias
the valve is driven to cut~off. The positive trigger pulse
being applied to the grid is greater in amplitude than the
bias, and the valve 1s driven into conductlon. The anode
potential drops sharply. As a result, & negatlve pulse is
obtained at the stage output. The shape and polarity of the’
input and output pulses is shown In the bloock diagram of the
oseillator and sweep amplifier (Fig.35).

The negative pulses from the budfer amplificr start the
sweep trigger multivibrator. The simplified dlagram of this
multivibrator is shown in Flg.36. .

“he multivibrator employé two triodes of valve Jl4-2
(618C). Before mrrival of the trigger pulse the second trilode
of the valve (grid 4, anode 5, cathode 6) is conduoting, since
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grld &4 1o conneoted to +320-V gsupply through resistor R4-11,

which causcs the appcarance of the grid ourrent.

The oathode
resistor carries a current larsze crough to raise the ocathode ) o
‘ potential with res

speet to the grid poventizl. That 1s vwhy the ?
triode opcrates near the zero rias. &
o ' The first triode of valve J4=2 (5rid 1, anode 2, cathode 3)
© is cut off. Its grid is fed with a positivc bias of abous ;

+14 V (the voltage drop caused oy +300-V supply across roesistors ?

R4=~067 and R4=4); at the same time a large ncoative blas is ‘

Ted from resistors R4=97, R4=S and RL-1C

k anode current of the cccond triode
| Upon arrival of the
amplificr, the anode

Cuse
|

Through whieh +thc ;
Tlows.
negative pulsce Trom the buffe

ouvrrent of the second triode stops
flowing through resistors R4=97, R4=9 ani 24

24=10, and the
} second triode 1s ocul off. 45 z result, the necative dias is %
: talen from orid 1, the first triode teszins conducting. The 5
ancde potenilal of the first triode dropc and the resulting 'f
negative pulsce on grld 4 xeceps the scoond +riodc cut=off. .
‘ The sccond triode might Tc open upon discharse of capacitor ;
| C4=3. The capzecitor dicchrersc depends on *he time constant Co
\ of RC (J4=3 and R4=11), Tur the %riocdc ic ériven into |
E conduction tolfore eapocitor C4=3 rmorz <o +o dizchorges This
v cds beenusc amia 1 is Tod with o ostrong ifinalling® negative
| pulse Zrom tho sweep liniter (auto-guenchin: lve) .
? | The ¥ triode riscs, grid & &
recelven oulvicle r e las and e sccond triodc starts o
b conductinz.

il e P RN b ~ - - )
LGl maitivitrator shapes o nezative cquare
1

Tirst =riode), whocc teginning

of the Irigrer pulne, ond the o
fne pudse from the sweep limiter.
nolarity of the pulsc

The
“

are shown in Tirs 36 and 37. o

" ’
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| :
E sweep limitor (auto-qucnchin 1v ) E
: VGBSO POV IOEIPISIOIPIEQREAAITNSBIEGSIS cove W
The simplifled oirouit dlagram of the sweep limiter is .

:.f"qreuen'ted in Fig.37.

valve J4-1 (grid 4, anode 5, ocathode 6) of the sweep
Aipiter is started by a posliive saw=toothed pulse

, taken
veom fecdback resistors R4=24 and R4-25. o

the sweep amplifiler.
pefore arrival of this pulse the triode 1s cut off by

¢ bias voltage (on the triodc cathode) taken from resistor .

L=-9, As the positive saw=toothed pulse arrives from the e

i 33eedbaor resistors of the swecp ampliZicr, the potential of

r*d 4 rises. Vhen it cxcceds the positive blas on the cathodc,

the triode becomes conductive. ;

the trigzer potential 1s set by means of rhcostat R4-9. ;!3

“smen the triode is triggercd; its potential on ancde 5 drops ?‘

| hnd cuss off (stops) the first triode (grid 1, anode 2, cathodc 3)

o7 +he sweep trigger multivibrator. As a comscoucnce, the
:%rio (sweep limiter valve) is out off moncntarily, for

| | stne trisger rultivibrator w11l stop the saw=toothcd wave n'

enerator and this willl restore tre initial negative blac L'

gon srid & of %he triode with respect +o cathode 6. - w

. : P o N “: 192d r"-;
) The sweep renerator valve NMh=3 (Z7IC ) ras no qoch, ;.2- ;
! i . ek AT resictor -ice

br+s zrid ic couplcd to the unlt chassis o
1 P e - valve. 4% the moment 1ts grid

' Trig valve is o welle—conducvling ValveCe v b £2. 11

| : ¥ - T rots ‘t [s3 44 rnc .
:"v “ed with o nefvfx‘t“-vr; T)'Lfi-1 SCo the valve fee cu . ] e (o
Vznode potential tesin ricing at tho ratc depending upon ‘
Caaa y b no b

- wor one of the cweep “
rate of charre of capaeitor Ch 5 <hroug ‘ﬁ 39, 71157
‘rave Lernd ~gistors Hll-B?, nil=58, n1l=39,
srave=deternining reo ) Loctor
3 ; Gra‘,_ﬂ_’,‘ +he range ocelCe
b loceted in the control panel. By Op
e 4

"

.,u I‘-.J-'lre) B l‘,

‘an the control panel resistance 1s seleeted (for eac -t‘«e) / 4

y s nrodt h , i

of sueh & valuc tnab the RC time congtunt may produce Y e

e e m e - - ine nerative square I ,
wented ratc of cweep. Upon cecsatlon of the negetive 59 o

i
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pulse valve J4~3 Ddecomes triggercd again and 1ts anode
potentinl falls sharply. As a recsult, o saw=toothed voltage
ls obtained, which 1s fed %o the rrids of the sweep anmpl
of the operator's and remotec indicators.

“he output voltapze on the screen grid of the sweep
"generator has the form of positive square pulses. They a S

iTlers

obtained, in this cace, duc to absence of the earth-: quntinQ s
capacitor. The pulses arc used for btrightening the search
sweep trace.

l : The sweep generator, the waveform and polarity of 1ts
s . pulses arc shown in I'igz.38.

| : The saw=toothed voltage from the sweep generator is fed

t0o two similar three-=stapge amplifiers locoted one in the :

operator's indicator, the other - in the remote indicator. {“

The simplified oircuilt diagram of the sweep amplifier of the %T

| operator's indicator 15 presented in I'ig.39 (this amplifier I

is under consideration).

| the Tirst stage cmploys the Tirst triode of valve J4=-4

(grid 1, anode 2, cathode 3) and is acitually a normal voltage

amplifier. The triode grid ic dircetly coupled to the anode

' : of the swecp generatcr. This results in appcarance of positive
bias on the grid, but the anode potential of valve J4-3 is .

. 80 low bpetween the sween pulces that the blas from resistor 6

[ " R4=23 turns to vte ,04:¢qiar for heepin" this grid at a low

; . negative potentilai.

, _ -hyn the sweep 1s on its forward stroke, the potential

! of cathode 3 of valve J4=4 rises maintaining a negative bias

© on grid 1. e
a The uwecp amplitude is varied by the rheostat (R4=-25) : ;“
! in the cathode circuit entitled AMPLITUDL OF OPLRATOR'S

INDICATOR SWDTP (AMTIIMTYIA PASBEPTHM WHHINKATOPA OOEPATOPA . Je

2
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The first stoge (valve Jl4-4 of the sweep amplifier
operates as a varlable-gain amplifier,

Setting of rheostat R4~25 has no effect on the amplitude
of the voltage belng applied to the sweep limiter,

If, for instance, the valus of R4=25 1g decreased, the
gain of the sweep amplifier inoreases due to g decrease of
negative feédback. Resistor R4-25 handles greater current and
the voltage drop across the resistor remains invarisble. This
means that the steepness of the swaeping voltage and,
consequently, jhc amplitude can be changed without changing
the duration «f the saw-toothed voltage,

‘ The gpébnd stage of the sweep amplifier employs the
second %vlode of valve Ji4-4 (grid 4, ancde 5, cathode 6).

/ﬁ% has no resistor in the cathode oircuit and operates
as 4 normal amplifier with the anode load and gridleak for
;dftial D.C. restoration. Capacitor C4-9 blocks the D.C.

. component of the saw-toothed voltage.

The remalning A.C., componeant is applied to the grid
and produces equal areas above and telow the mean value of the
zero potential line. During the resting time the grid starts
acquiring a negative potential, but the grid current that
has appeared passes through resistor R4¢~19 and feeds negative
blas to the gzrid. .

During the resting time the capaciltor discherges slightly,
which is conditloned by the *ime constant of resistor R4-19
and capacitor C4-9. Thic provides for oneration of the second
triode of valve T4 irvespeotive of the amplitude of the
Sweep pulses or auratiocn 57 intervals between then.

The third (outpui) stuge of the sweep amplifier employs
valve JI4-8,

Its cathode is eartned through defleoting ooil of the

indicater and recistor in the cathode oircuit of the first

stege. The ancde current of the last stage builds up a voltage
in the cathode circuit of the first stage of the polarity,

\WhiOh causes inerense of bilas in the first stage. The injected
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negative blas stabilizes the gain and linearity of the cweep,

Before the sweep starts valve J4-8 1is cut off, since
1% has a bios 27 V less than the cutv=off voltage. The amplifier
(valve Jl4-4 ) operates without nezative feedback and gives a
high gain. Owing to this the saw~toothed voltage becomes
steeper, the sweep speeds up considerably and the loss of
time rcquired Tor ralsing the potential from the value at the
cut=off valve +to the value at the open valve 1s only
0.5 microsec. Ater the valve is open the nerative feedback
reduces the overall gain. The sweep rate decreascs +the value
required for the distance range usede

rction of the negative feedback is showan in Tig 0.

Section AT 1s below the out-off bias of valve Ji4-8 and Is
amplified greatly ty the two f£irst stages.

Section L0 is the operating section of the sweep at which
a current flows through the deflecting coils. This develops a
'negative feedback decreasing the gain. This section is less
steep than section AB.

After every pulse, the current through the sweep colls
must be cero. This is necessary to allow the spot to return
to the screen centre before commencencat of the next sweep
pulse. II therc is current during the resting time o circle
1s obtained in place of the bright spot in the screen centre,
1a@e, the sturt of the sweep is off-centred.

ma prevent direct current between the sweep pulses a

constant bius of = L2 V on valve Jl4-3 1s sulficlent.

Ta elimiuncte Jumping oi range marks on the remote
indicator, potentiuncse

-

R4=20 is introduced into the second
gtare of the secrca sweep amplifier,

Tiode restorer

L B K 2R IR B BRI BN BN B BN J

‘ Pilaced tetween the second and the Linal stages of the
gyreep swmpiifier 1s dlode Jl4=6, Its function 1s to restore

the D.C. compouent on the grid of the output stage. This is
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necessary to make the ingtantaneous value of the grid potential
of valve Jl4-3 dependent only upon the impressed saw~toothed
voltage and independent of the waveform of this voltage.

If this is not so the amplitude of the sweep on the
jndicators would vary with-the range scale used. The.function-
ing of the diode restorer 1s shown in Fig.4l.

’ The left part of the 11llustration shows the case when
there 1ls no dlode restorer before the butput stage. Two cases
are referred to when the grid of the output stage is fed with
sav=toothed voltage with equal amplitude of 40 V, but with

| gifferent lengths of the saw=toothed wave.

crid 5 of valve Jl4-7 and N4-8 d4s fed with blas voltege

i of 72 V from the =225 V supply via voltage divider R4=39 and
| R4=38.

vhen the saw-toothed voltage passes through the coupling

; cirouit (C4-12,R4=34, R4-35, R4=38) not containing diode J4-6

to the grid of valve Ji4-8, 1t will be disnlfﬁod with respect

 to the fixed Ties level of 72 V so that the saw oothed arcas
; sbove and below the bias level linc are equal. However, in

- consequence oi different ienzths, the sav-toothed wave

' amplitude will vary, in ong casc, From =82 V o =42 Vy ond;

" in the other case, frca = 70 V to =36 V, i.e., in onc cass,

. the saw=-toothed wave cmplitude with respect to the 72=V teve 1
' 15 30 V, and in the other case is 56 V. This means that the

| operating point of valve H4-8 will be displaced cepending

| on the guranticn of %he cawe-toothed voitage and the sweed on

E the PPT sevesn will not start from the same point at various

\f..

| 1ituge will 1 zer the
| range scaiog, while the sweep amplitude will ve the larger

| shorter the gweep durcotion end vice versae.

mo prevent dicplacement of the operating FOint” of valves
M4-7 ana Jib-8 at various ronge scales, use is made °f_?he
dlodes of valve J4=6 designed for D.C. restoration on the
grids of valves JB=7 and Ji4-8.

The operating principle of the dicde cous - ttor
Tollowing: pascage of the saw=toothed voliage causes ¢capleito

igte in the
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C4=12 to change to a potential determined by the duration of 3
the saw-toothed wave and time oonstant of the RC oirouit i
formed by C4-12, R4-35, R4-36, R4-~38, R4=27. In this case, o
the time constant of the RC circuilt is largce.

Upon cessation of the saw-toothed voltage, a negative ﬁ
' voltage corresponding to the charge of capacitor C4-12 will be EK
. applied to the dlode.cathode. This results from the potential §
diffcrence btetween the capacitor plates not being in position :
to change instantly. Dlode 6X6C will be driven into cocnduction
and capacitor C4-12 will discharge through the diode over i
the circult with a smaller time constant. Thus, the initizl F 
level of bias voltage equal to =72 V will be set on the grid '

of the output valve by the beginning of the next saw-=toothed
wave. '

S0, with any duty cycle of the saw-toothed wave, the
blas level of output valve Ji4-8 is maintained constant.

Calibration marker generator

TS re e N tew e e e S G e e e S

The marker generator produces markers appearing on the

indicator sercen 10, 20 or 40 km. apart depending upon the

| position of knob RANGE, EM. ( JAIBHOCTE, KM ) on the front
| of the control panel.

The first marker appears at the moment when the trigger

b pulse arrives, the second, thirgd, fourth, fifth and sixth
u " markers (the fif+h interval between the markers) will settle :
| in line with the duration of the negative square pulse at the e
input of the calibration marker generator chanmel.

Owint to the cweop the range markers on the indicator
screens look like bright circles. The latter are used as !
}
distance sczlces when range is to be reagd off,

The cairlbration marker generator circuit begins at
divider R4~0 ond R4=7 and ends at grid 1 of mizer valve Jl=11. o
The cailbration marker generator consists of a buffer ;
amplificr, JTowning stage, sine-wave oscillator and blocking
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oscillator with frequency diviesion circuits. Flg. 42 shows a
gimplifled olrcult of the calibration marker generator.

The negatlve square trigger pulse is conmunicated
through capacitor C4=15 to control grid 1 of valve J4=0,

Before arrival of the trigger pulsc the first triode of
valve J4=9 (grid 1, anode 2, cathode 3) is conducting, since
there is no bias on 1lts grigd. Therefore, the potential on
anode 5 of valve J4-9 and grid 1 of valve J4-10 is low due

fto a voltage drop when the anode current passes through

resistor R4-43. In this case, grid 1 of valve J4=10 is fed
with a voltage of avout +90 V, and cathode 3 with some +160 V
from a voltage dilvider formed by resistors R4=49, R4-51, RL-52.
Therefore, grid 1 of valve J4-10 is blased to about =50 V with
respect to cathode -~ the triode is cut off. Grid 4 of valve

 I4-9  is zero-biased with respect to cathode, since it is fed

with 429 V from the 4300~V supply via divider R4-42 and Rb~44.
+29 V is taken via divider R4-49, R4-51 and R4~52 from the
300V supply. Thus, the triode of valve J4=0 (grid 4, anode 5,

cathode 6) is open.

~ As the negative trigger pulse arrives, the triode of valve
=3 (grid 1, anode 2, cathode 3) is cut off. The potential
of anode 5 of valve J4=9 and that of grid 1 of valve JI4=10
increases, the first triode of valve JI4-10 (grid 1, anode 2,
cathode 3) beginc to conduct, and the circuit generates
oseillations. The oscillation frequency in the circuit is
determined bty the waramstors of the wesonsnce circuit connected
tetween the cothoizo of the sccond triode of valve J4=9 and
first triode of valve Jih=i0.

The marker freguency mroduced by the oscillatory circult

e

(o]
How

-

7492 Ye/s « 20 km. and 3.746 Mo/s = 40 km. are obtained

%1 account of the Ureguency of the 10-km. wariers : divided

by the blocking oscillator = +the second triode of valve Jl4~10
{erig 4y anode 5, cathode 6).
The oseillntions amplified by the first poriion of valve

SECRET
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:

; I4=10 are taken from the sccondary winding of the pulse

transformer to the grid of the blocking oscillator - the
second portion of valve N4=10.

" The frequency of the 10-km. markers arc divided due to
the blocking process in valve JlI4-10. In this case on-10-
and 50-km. sweep scales the blocking oscillator is operategd
by every positive bulse on its grid.

On the 100~km. sweep scale, relay PH4;1 1s encrgizea,
which switches over the blocking oscillator discharge circuit
C4=22, RL-L5 to Ch=22, R4=-46, RA=-70. The frequency is halved,
l.e., valve J4-10 (second triode) opens only when acted cn
by every second pulse from the oscillatory circuit,

On the 200-km. sweep scale relays Ppl=1  ang P 4=2 are
energized. These relays conncot dilscharge circuit c4-22, R4-125,
R4-~71 to the blocking oscillator, In this case,

the frequency
of the oscllluatory clrcuit is

divided by four, Le£:4 the valve

1s driven to out=ofy only when acted on Ly every Pfourth rulse
of the oscillatory circui+

©. Resistors R4=70 ana RY{~71 arc
designed for adjusting the discharge circuits on the 100~ and
200=kn. sweep seales

« Through the second groun of relay Pyi-1
on the 10~ and %0-knm.

Sweep scales a cub-off voltage of =225V

. 1s supplicd to the control erid of valve JI5-12 oF unit I-5.
On the 100= and 200-im. scales the circuit between the

control grid or valve JI5-12 ang the =255~V supply is broken

b _ and the cutwafs voltroe i3 not Suvpplicd,as a result.,
t
. Hixer
Yo U oT i Tend e s ¢ A
’ TP meetl ad desimed Por mixing viiao Signals, calibra=-
| F WITKIZS . bcading markers, range markers and '

. \
S et
a7 vens giscsalo

over the vigdeo channel of units A-5

2 the sweoep ig 1 7 ;

| ;xccp i3 on 1ts forwarg stroke,
1ino nzicts o the t Ting i

| “dor conzicts of the following conponents:
TACa T3 e aaa b e e p vt AR

| Video Limiten - 1he Second triode of valve 412
anote L, oeclhiode 6),
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2. Cathodc follower (calibration Tange marker channel) =~
the first triode of valve Jl4=11 (grid 1, anode 2, cathode 3).

3. Cathode follower (range marker chanmnel) - the second
triode of wvalve J4-11,

4. Cathode output stage - valve JI4-13),

j j Video limiter

i - " OSSO GOOAINNIGESE

| The videco limiter (the second triocde of valve J4=12 )
“starts functloning when the video pulse builds up bias on
cathode & equal to the valve cut—off blas.

“From anode 5 video signals arc passed to the grid of
valve JI4=13 through capacitor C4~33.

Calibration range marker signals are applicd to the first
triode of valve Jl4-11, followed in cathode 6, picked off
| resistor R4-060 common for the three stages of the mixer, to
: grid 4 of valve J4-13. Resistor R4-54 scrves to control the
amplitude of the calibration markers by varying the negative
tias on the cathode-follower grid.
¢.mozker, channel)

39S CPOIBPOIO0E W DY L] L4 L4 e b9 20000

j Cathode follower (rang

b a The range marker signal is applicd to grid 4 of the

second triode of valve JI4=11 +through capacitor C4-27. Then

it is followed in cathodc 6, taken from resistor R4=60 common

Tor the three mixer stages and is communicated to grid 4 of

l the cathode follower (valve J4=13).

i The range marker brightness is controlled by means of
rotentiometer R4~126. '
: ¢athode follower §H4—132

' T RPCGTOOOSGEE IV S eevede

All the signals mixed are applied to the grid of valve
H4—13.
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The valve cathode 1s fed with a heading marker.
handling the heading marker is shown in Fig.44.

The low-resistanoe output of this stage provides a low
shunting effect of distridbuting capacitance of the cables
running to the indicators ( J-5 and I=6 ).

The simplificd oircuit diagram of the mixer with the outpyt
stage 1s presented in Pig.43.

The ciroyit

Blghting indicator mixer

-—..-..-.-.—-.----—..--4

The mixer is designed +to mix calibration range m
missile reply siznals, selected target pulses and to transmit
these signals to unit I-5 when the sweep of the sighting
Indicator is on its forward stroke. The mixer of +the sighting
indicator consists of the following componcnts:

1. Calibration marker amplificer - the first triode of
valve JI4-14 (grid 1, anode 2, cathode 3).

2. Calibration marker o
Jdriode of valve J4-14 ¢

3. Selected tary

arkxers,

athode follower - the second
¢rid 4, anode 5, cathode 6).

et pulse cathode follower ~ the Tirst
triode of valve Jl4-16 (erid 1, anoge 2, cathode 3).

4. Nissile reply Signal cathode follower - the second
triode of valve J4-16 (srid 4, anode 5, cathode 6).

The simplified circult diagram of the Sighting indicator
mixer is_shown in Tlg.45,

' : LeTore s~rrival ov nositive calibration range marker

rulses at 7rid 1 of valve Ji4-14 the amplifier control grid 1s
’ biazed +to about 12 v due to the voltage drop acréss resistor ]
RA=74 in tho entliode of +he triode resulting from the passage
of the znode current through the valve,
As oo walibration marker Pulses. arrive o+ the grid, the
of volve Jbw1y 0Dens sharply ond the voltage on

Negative enlitration marker pulses

ot

tilede

Ao
t

iy

-
e
(4
‘3
&

| el )

node drans abruptly,

©
£
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are passed through blocking capacitor C4-38 to grid 4 of valve
P I4=14  (calibdration marker cathode follower).

Upon cessatlon of the calibration marker, the first
triode of valve Jl4-14 comes back to its initial state.

The process is repeated with the arrival of the next
calibratlon marker pulsec.

Calibration range marker cathode follower -7

The calibration range marker cathode follower serves Fox
transmission of signal and separation of the calitration ranie
marker amplifier ciroults and video channel of the sighting
indicator.

The negative callbration range marker pulses come to
grid 4 of valve . Jl4=-14, followed in cathode 6 across resistor
R4~78 and are passed to unit I-5 over coaxial cable 12.

-

LR &)’

glgg?gg.ﬁar)et pulsce cathode

This cathode follower serves for transmission of signals
and separation of the circuilts of unit I-7 and unit I-5.

The positive selected target pulse of about 25«V amplitude
is applied to grid 1 of valve I4~106, followed in cathode 6
across resistor R4=78 and is passed to unit I-5 over
b ' coaxlal cable 12.

Mizsile
¢ 0 )

| reply sign%}'

L] °

This cathode follower serves for transmission of signals
and separation of the cirecults of unit I-3 and unit I-5.
The mositive missile reply signal of about 30~V amplitude -
is coupled to grid 4 of valve Jl4=16, followed in cathode 6
across resistor R4=78 and is then furnished to unit IU-5
over coaxial cable 12.
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Rap-toothed wave generator of tracking indiocator

The saw=toothed wave generator is intended for producing
the sweep on the tracking indicater of unit I-5,
The tracking sweep generator consists of the following
components:
1. Trigger pulse buffer stage (ocathode follower = the
- second triode of valve Jl4=17 D

2« Drivenmultivibrator ( J4-18).

3. Saw=toothed wave generator (the first triode of valve

J4=19 ) and output signal cathode follower (the second triode
P of valve Jl4-19),

4. SBquare brightening pulse cathode Tollower (the first
triode of valve 4-17 ).

, l ' The simplificd cirouit diagram of the saw=-toothed wave
generator of the tracking indlcator is shown in Pig.46.

@

Buffer stage
l....ﬁ...".
’ The trigger pulse buffeg stage employs the second triode
f - of valve J4=17 (grid 4, anode 5, cathode 6).
This stage behaves as a co

athode follower. It separates
the trigger circuit of unit I=7  from +the Sweep cirouits of

the tracking indicator of unit =431,

o ' The Griven muli

lvitrator employs valve 6HEC, It functions .
in the same way

as the nultivitrator in the search

sweep
| channel (valve J4-? ), the only

difference being that the
duration of the zruare pulse trigeering the Sweep generator e

o a3 deternined by the pvarameters of the multivibrator, by the

10 {( . H
jqa-'-hnr "t‘,h:!{ by an ex L:L.x.na-l LU.EL“'OU eI pulset
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: Saw=toothed wave geuerator and output
LI B A

O...CQ'.OOQ0....0'0'0‘..01...‘.'..

| | slgnal cathode follower

"l‘..l".'..QlQ.0.0"'l

‘ The saw~toothed wave generator cirecuit is tased on

_ - stabilization of the charging current by injecting the

| compensating EMF'. Valve J4-19, the first triode (grid 1,

| anode 2, cathode 3), performs the function of the generator
proper, the second triode = cathode  follower, conveyins the

output saw=toothed voltage to the sccond end of the discher

)

e
resistor (R4~109), thereby making the charging current constant.
I This results in a linear saw-toothed voltare of o 1
' anplitude at the generator output.
; Resistor R4-110 forms apedestal of saw=toothed voltage
which compensates for the effect produced by the catle
[ . capacltance (about 300 to 850 pf), thereby providing lincurity

' of the saw=toothed voltage at the beginning of the sweep.

~ e e
Jige

| Brightening pulse

[ The brightening: pulse cathode follower employs the first
triode of valve JI4-17. The positive pulce from anode 5 of

\ : valve J4-18 4is applicd to *the cathode follower(halZ of valve

l N5=17),
' Trom the output of the cathode follower the positive
} trightening pulse (blaniing signal ¢ 71 ) 1c coupled through

b capacitor a4~53 to the tracking indicator of unit I-D.

Current consumption

k ’ "l..'."l’ll"l.'.

fhe ecurrent drawn ©y the unit from the power supplies

3 not wmore than 0.9 A from 115 V, 400 c.p.o. supply;
!
J

NN

not more than 100 mi from +350 V unstabilized
vf)l'ta;:{e Supp" tre

2

e N T t
more +han 110 mi from +300 V unstubiiized .0
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(@) not more than 35 mA from +300 V stabilized voltage X
supply. ' *

‘ . : 5. Indicator Unit J-5 x

- ‘ The 1ndicator unit used in radar K-IIM i1s intended for
l o ' viewing the position of tarsgets in space scanned by the
| , . '

radar antenna. 7lth regard to the purposc and operating modes

of the radar, thc indicator unit is comprised of three ;
individual indicators. These arc as Tollows: E“‘
‘ . (a) plan position indicator; e
; | (t) tracking indicstor; :
1 _ (e) sipghting indicator.

The plan positlon indicator i1s intended: A
% - (a) to dctermire the range of a target or a group of et
‘ tarcets; ;
e (b>

to determine the azimuth of a target or a group of b
targets;

(e¢) to determine the aircraft heading.

/- : This indicator displays a clrcular sweepe The echo signal ’ﬁf
7 . - voltage 1s applied to the control grid of the cathode~ray - b
) , ,
- tube. This increases the electron bean intensity during the

pulse time. The result is that a bright spot indicating the =y
l :

azimath of and dlutance to the target appears on the indicator
‘screcn.

The traclkting indicator in radar K~IIM is intended for o
) accurate target selection and viewlng of automatio tracking

U
l of the scleoted tarpzet and tarrsets within the Tield of . vision Y
of the antennua. . «

The trackin: indleator has the L=display. This display
_ ‘ o is a modification of the A~dioplay where two pulses refleotea ¢
‘ : from the tarsget are presented

on the screen as penks looking
in opposite directions,, ‘
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The schematic dlagram of the indicator unit pregents the ‘
chonnels of three indicators (Pig.47); therefore, the diasram ; ;|
will be analysed separately, channel ty ochannel. ¥

This consists of cathode-~ray tube JI5-2, type 13731,
vrightening pulse shaper and video amplifier - valve JI5-1,
! : type OHBC.
' The equipment of the cathode-ray tube consists of:
(a) Rotary deflectlon coil L5=2. ,
(b) Selsyn motor IM5-1, type CMC~1l, rotating deflceting |
coil L5-2. . '
‘ (c) ‘ocusing permanent magnet with adjustable shunt. ﬁ
(d) Centring system for vertical or horizontal R
i displacement of the elcctron beam on the screen of the :
i cathode-ray tube. | :
E (e) Phasing contacts for synchronizing the deflection i
coil rotation with the antenna.
For protecection of the cathode-ray tube against the
} effects produced by the extecrnal magnetic flelds, its

envelope is enclosed in a speclal screen.
L ' The deflectins saw=toothed current 1ls applled to deflection .

| | coil L5=2 from sweep unit L4E. : o
| ) Thé coil 48 couplcd through sclsyns to the gcar rotating X
the deflcetion coil of the plan position indicator. The radial I
sweep trace rotates in synchronicem with the sntenna, and itc .
direction ot any time corresponds %o the antenna dircction.

fitgh voltage to feed the cathode~ray tube 1gs produced by
the hichevoltage reeotifier located in unit 125.

The tube brightness is controlled by varying
voliare on its cathode taken from potentioncter Ro=0e ‘

Resistors R5=-106 and RS=10 determine the maximum (R5-10)

and ninimum (R5-106) brilliance of the tube.

tihe poscitive
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The vidco signal which 1s aotually a mixed signal compoge f
of calidration markerg, range markers, heading markers and ;
echoes, 1s applied from the sweep unlt to the cathode of the f
second triode of the search video amplifier (half of valve
15-1), type 6H8C (Gee Fig.48). ‘

RF correction is effected by coil L5=-1, and AP correction, ?
by resistor RS5=7 and capacitor (5~3. The width of the ampli=~
fler passband is about 0,1 to 1.8 lic/s. From the amplifier
output (contact 5) the positive-going video signal is
communicated to the grid of the cathode=ray tube. The cothode
of the Tirst tricde of valve J5-1 13 fed from the sween [
: unit wilth the sweep trace brightening pulse waich from the |
' anode of this triode 1s passed to the first anode of the

cathode-ray tube (contact 3), and from the divider formed
% by resistor R5=77yto the srid of cathode-ray tube J5-14
| - (contact 3).
Then the sweep length is varied from 335, 570 and 1340
microsec. the beanm brishitness of tute JI5-2 is

s almost invari-
able, Yhen changing over to a sweep of 67 microsec. duration
i the beam bripghtness decreases

more noticeatly on account of ' '
the screen 1llunmination time beings reduced.

) Trocliineg ingl
" éwﬁ.o"dbé'.@

cator channel
¢ 9 e w L] *

L veosee

sicts oL+ T

Tnic co
PN e
(&) Cathode~rny tube 15-9, Type 8J029
' {¥) Hnuetootncd voliare tuffer ampl,x.fJ_Q - valve JI5-8,

. type OHBC. : '
, \ . . £}
{¢) wracking sween trichiening pulse buffer amplifier - :
hal? of valve JI5-3, type GHOC. ‘
P
A S

Switehing video amplificr - valves 5«4, JI5-6,
type G,

LY . . .
{e) Uwitehing stnra ~ valve I5-5, +type su9C.
(f) ;Jri_r,‘&cn.x..:ft PUlse shaper =- valvas H—)““‘O nalf of
valve 9D«3, type ClBr,

, s and halr of valve 639¢,
(g wixer = valve JI5=11, type GHEC.
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The cathode~ray tube ( J5-0) presents the Le-display to
£ind deviation of the target telnp tracked from the axis of
the equisignal zone (See Fig.51). Tho duration of the tracking
' yndiocator sweep 1s 10 km., The start of the sweep may be
| displaced throughout the entire range of the radar. The

sweep generator located in the sweep unit feeds unit 1-5
| with positive saw-toothed voltage pulses (13th contact of
" comnector WB5-1 ) and sweep trace brightening pulses (12th
contact of comnector WB5-17) at frequency nye

The saw=toothed voltage pulse 1s applied to plate I~4 o2
tybe J5-9. Part of this voltage is fed to the grid of the
vuffer phase inverter amplifiler with voltage ncrative feadahack
(capacitor ¢5-12) = valve JI5-8  (See Fig.49). ‘

This amplifier employs two paralleled triodes, type GlIBC;
in additlon to the divider (resistors R5=103, R5=46) the input
contains correcting cilrcuit ¢5-11, R5-103 which lmproves the
linearity of the saw=toothed voltage. The negative saw=toothed
voltage pulse having approxinatcly the same amplitude as the
positive pulse (200 vV & 10 per cent) is passed from the
output of the buffer amplifier (resistor RS=44) to.deflection
plate F3of tube J5-9.

Thus, symmetrical deflectlon in range is effected.

The sweep trace brightening pulse coming from the sweep
unit is applied to the cathode of the amplifier = hall of
valve JI5-3 (6119¢) (See TFig.50). After being amplified zhe

pulse is applied as positive to the grid of cathode=-ray tube
' 15-9 (contact 3).

Plates J=1 and I-2 arc altcrnately supplied with video
signalc (conncctor ©5-2 ) arriving fron unit I-3 (ecable 45).
The switchable amplificr (See Fig.52) serves for altgfnaﬁf |
supply of tae videc signals to plates I3 and R4. ¢

The vifeo signale are coupled to the control grids of
two video nmplirtiers N5-4 and J5=6 (G4 ). Each video
anplificr is loaded by its own deflection plate (tute 15=9 ).

" 9he video amplificrs employ identlcal circuits and are
actually normal wide=band amplifiers with RT' correcction
(induetance coils L5=3 and L5=4). B

SECRET
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3 i
7

For altcrnate connection of the videco amplifiers us

| .
o} 2 ls
| made of voltage D c.p.c. synphased with the antenna ben o
Trotation during tracking. ) :
i : This voltare is a 11 o
¢ ed fro » - . v
g pp m the reference voltasze generaty, _ 5

unit I-1, ‘o the primary winding of balancing transformer Tp5= i
through conneetor WB5-1, ocontact 9. From the secondary windip
’ @ Hio% g

b the anti-phase voltages (abtout 130 V) arc impressed on the grig ?
E of +%he switching ctage (valve H5—5’ 'type 6H90). The Swﬁ+0};ng

stare is N o c s
staze 1s a  two-way clipping amplifier, whose cathode ic fed

- ’ -+ -t Y .
with =255 V. 0n the anodes of clipping amplificr J5-5 apti-
phase half-cycle pulses arc squarcd (See Fig.52). Since +h

loads of the olippins {19 e
2lipping amplifier are connected between tho %

ancdes of vnlvy Heli ¢
¢ J5-5 ang "earth", the upper level of +the

S u‘ q - ) ) V [TR SN
quare pulses is clamped at all times at the "earth" potential
| when the triode is o

de Bal:Y - 3
Ut 01ty and the lower level of +he pulses Vo

is =160 V when the triode ig conducting (in the sclected -

[}
operating 141 ;
p ne conditlon). The anodes of triodes 15-5  are coupled -
L h

to the suppress .
ppressor oriods ™ B \ Tans I
ELLG5 o1 video amplifigps J[5-4 and JI5-6. i

Wit?.tne SUPPTOISOr ¢rid ot -160 V in tle seleoted operatin ' L
Oon?;tion, valve O3 s out orz reliably. Conseouontlya ’ -
during eperation of the switohing stage the video ampliric ' i
are driven into conduction and nre cut off 07ﬁChnﬂ¢c§V ;v:f; 3
e LEINIOT N ver

half~pcriod of =r 4]
il O & —C‘.'cl -~ np e .
yeie voltage developed by the refercnce
e

voltase gencrator. Therefore,; the video s

ignals =
to platas Eg and l,  of gnals are bass
I
4.

tute JI5<9 altern

3
’ ately, too. The Sy
46 switohs

simpliz2cq circuit o Yle vis o
i ideo amplifier i

4]
0
%
]
=

s ien
in »ig.52,

Iy Abdr g g . 3
G 0ttaln A cloal ploture of the tarcet g
bearincs. 4t 4o - . “3Tget when taking its
ke 50 -\ 4L TG0 'J,I‘:y’ Jl].fl{l't 't‘y' < nun > ‘

meer of target echoes P

equnl to G e indiecator shoylg be ‘ ;
T T gy Weloh corresponds o o 400

- vO %407 turn of 43 :

durin:s conicsnl Sennning at the Pwewvale 8% the radiator *r

7
E PR S Yoy ey e o .
parsed 1o the plates of the tracking

s

(S} 1rcguer oy
A ] a E :
1he Vineo pulocs nre furnis; )
G L 1ilsned o) nl ¥ l\
<0 plates A1 and I i
M ) |

e

the Ltraockinse 4rg4 - .
of the i~3~4n1 indicator tube alternately aurin

1 609 Gf 41 s ‘ Wring every half-
eyele (1507) of tho anteman Team rotntion ot ﬁ; ral hulg |
. « I Sinece only 40 i
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| 1.5«microzcao. duration, which

1l produced in ranse wunit .7
This pulse 15 closely timed wit

h <the pulse tr
| range sweep of the trackins

[N
&

! : the sweep irigrer pulse

mr

» Therelora, |
the range mark nust alwvays be in the middle of the sveen trace

o
‘-iic’l't@l', ioen i? al ¥ 2
after enckh 34 microsce

)

) In order to obtain a sharp, focused tright range mark,

B dCui ¥
\ e range mark pulsces are applied tq the cathode=ray tuhs iq

inte vals > fyey -~ 100
ervals btetween 407 brignt tening pulses. This hapnens

Tollows: both triodes of valve H5—11 where the simsnals - :
4 . va e W ]
l mlxed, have cormon cathode resistor R5=39 shunted bv O I F
} C5-32. The capacitor resistance 1z hipgh for the R o

pulse and 1 Tor Seerni
I ¢ and low ior the 1.5-micproscc. pulse. Vnen the oo~ tive

| S : o the
407 pulse arrives at the rrid of +he left triode of the
the other nmixer

rid nroves to Yo out off dus *o the 400
being wepeated on rathode recistor R5-39 in magnitude sutfictent
for eut ing orf 4 o . .
PR TLRE T the T

i - UM The abgence of tre

40Y ruloce tha pions e o S g o -
o8 2n ampiifier. Fron the
' common anode lond
oae lona are communicated 4o the

L caw C R GG on Vil 1G i Late a ! [
Ilod G -}.\r‘ (i3] 1006 9] ! 4 aye 1Y
n ne < A

intensit-r.

LR e

AT <7
) iy ig:o 5L,

) SEARCID CHOUUTD Y s o

-
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i

; plus is earthed. The high~voltage from the ~1500=Y rootifiecr

| is impressed to the high-voltage divider which focds all the

electrodes of cathode-ray tube I5=0. The »ri < tness is

controlled by potentiometer R5-57. The horizontal and vertiecnl .

vad
| <

i displacement ic carried out bty the symmetrical vols are taken

! from ganged potentiometers R5-48, R5-49, RS-54, R5-35,
b connected hetween the 4300~V and =255V stabilized supplies.

Sighting indicator channel

e %3 oecs et eI POV ELsIISROCEOGETLTOETCS

) ! The sighting lndicator channel comprises:
i : (a) cathode-ray tube J5-14, +ype 87029 ;
(b) clipping amplifier and saw-toothed voltage phasoee
inverter amplifier(valve J5-12);
| (¢) video amplifier valve JI5-~13, typc 674,
| o The cathode-ray tube presents A-display (See TPiz.55).
The swecep voltage is the voltage applied from the sweep
unit to the deflection coil of the scarch indicator. The
saw~toothed voltage is clinped and amplified by valve JD-12
{ - (6H8C). The operating condiltion of this valve ensures rathcr
a good clipping of the saw-toothed wave pedestal and amplifica
tion of the saw=-toothed voltage at the output. Thic resulic

' in appearance on the sighting indicator of swcep durations
corresponding to the search indicator sweeps 10¢ and 200.

i - Tig.55 shows *that the saw=-toothed voltage amplitude produces
a sweep larger in size than the worlking part of the screen.
The working prrt of the screen is 55 to 60 mm and in casc of
range 1006 it should contain o worklng range ol about
80 < 4 km. with 15 ver ccnt lincarity.

The srid of tne clippinsuamplificr (valve Jo-12,type EHse)
ed with wow-toothed voltage (with y0d0°t31> Trom the
Scareh channc: (contact 14 of connector UB5=8 3. A suu=
toothed volta-e pulse =S “the output of valve Ji5=12 (contact 2)

ot apey

-

¢ is applicd to onc oX the horismontud
Plates (contacs 7 of the cathode-rny tube); simultancously
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- 92 =

P . K
: part of <his voltage taken frem the divider (variable rosy
[« ¥ =y 3] 15 o
| R5-85) is applicd to valve 5-12, where it ig turned over
and amplified. The turned-over saw=toothed voltane equﬂluto
L,-/D Coy

170 V 15 applied *o +he horizontal plate (contact 8) of +he
tube from the output of ) |

tor

4+ 1
"ne prose~inverter amplifier.

| The required linearity is ensurcd by optimal current

Ko i
) negative feedback (resistors R5-84 ang R5-86) in both valve
. . B - * - Se

m Ry 1 - % 3
he sighting sweep trace 1s trishtened by the brichicnip
£ oL 9T 6 ﬁo"

an 4T i
pulse of the scarch indicator. This Square=wave voltare =

taken from part of I 1 of .
Lo parv o1 the ancde load of valve J5-1 (resistor
: | 5-17) and applied *o the frid of cathode-ray +tube J5-74
(contact 3).
: o e, ce K n
The signals coming from the Sweep unlt mixer are amplified
- . < < Cadls u
by valve J5-13  (6x4 )3 the linear charant " - \
! oy ntrednd i H +~hear cnaracverdstic is obtained
‘ cduction of current i .
: L n ol current negative fecdback (R5=84)~~The
: . si 4 s
: I ng Indicator can a2lgo be used for viewing the processes
) 4 DESEN Y ore)

Oceurzing 4+

eV i10ugs CLY u Lal O:f t‘ 2 t 1S DU nose
i axr o4 i JHG I‘u(“c...f.‘u or 11 i b1
h(.. SW ! SHON S b(L- Otu,r L:Od Oy Y P 1 - C Sv.OC }
t ween » arn e O...na pUISC (L)CC
uni t ll “l-I 3 LAY 1‘1 H - (= ulOIlS L y OuCOpC‘ .

! This is acni T Y e .
? ciieved by setting switoen OPERATI OlT~CIHTCK
( PABOTA-KOHTPOIL ) to vosition CHECK and a
_ ‘ 7 CHICK a ced an cxternal
pulse to start the Sweep o test jack 3 (TL=3) - G
pee o jack 3 (T4-3) 1ccateag ox
w6 1ront prnel of +the

Sweep unit.
Tate Ji5e 1 gunnld ~a 2
| | Tube Jib=14 44 supplied in essentinlley the same way
; YO} o A ; - - ' ﬂs
: tube Ji5-9 from a common reotlller (~1500 v)
Piishinesg 4 »

| FELIRIRESS 15 controlled by

e - .
Tocus, by pot

H

potentioncter R9~63 and

entionetor R5«66. mha 3 1
15, ; T RS s The horizontr i
cenvering is sympote o and Teneal

Faotead r -, b34]
evrienl nnd clffantea 1
] 571, WE=72. Tolon FBLeG Oy gang potentiomctors

T - the stabilized

B TRACNN o 4 o~
7ot RD=90, conncateqd between
! power sunrlies (4300 V and -255 V)
. - *

rs

it s
| Indt supply

\ Tlinments o 13 trhe ¢ + 3
‘ . Ves bhE Clectronie devicas A 3
vy i t transformer TnSe1 conncaoteg _, e euppiicd
1 : 7 eonanceted to 115 v 400 S
mains G0 Sevmne oyt o] - ’ ' OeBeSe
S OONCoIYY wincinges are distrs N
M 2Triduted ag Tollows:
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H

 15-14

Ccircults of the tracking and sighting indicators

) ‘ g

7

y
i

,'Y
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(a) winding II feeds the filaments of valves J5-1,
15-4, 15-5, J5-6, I5-8, JI5-10, J5-11, JI5-12

(b) winding III feeds the filament
0.6 A)s

(¢) winding IV fee@s the filaments of tubes JI5-9 ang

(6.3 V, 0.5 A)3

(a) windingA~Jeeds lighting lampd M=3G .= JI5-16, ]5-19,
15-20, 5-21 (3 V4 0.8 &).

The anode eirgults of the tracking indicator valves ar

75-3,
(€-3 V, 6 A);
of tube JI5-2 (6.3 v,

| fed with unstabilized voltage of +300 V (about 25 ma), and

anode circult of the search and sighting indicatoers, brighinc

the search indicator and vean=-shift countocl

Sy ot
control circuit of
arc suppiicd
with the regulated voltace of +300 V (about 30
vnit I=5 from supply unit I-8.
rcp.,( wilt -5 consumcs current of some 14 mA.
“The 1500~V rectifier is supplicd from 115 V, 400 c.p.s.

mains. The total consumption by unit 1—5 when fed with 115 V,

400 c.pes. 1z not more thadp 1.4 4y

mA) applicd to

When supplied with =255 V

a

6. Romote Indicator T
Purpoge

The remote indicator (PPR) in radar K=IINM is intended for:

(a) determining the range of a target or a group . of
targets;y

(b) determining the azimuth of a target or a group oY
targets;

(e) determining She aiveraft headlng.

The iriicator presents a plan of the positlons of all .
farcets within a circular arca. The echo pulse voltage 1o '
applicd o the control srid of the cathode-ray tube, which
causes inecrease in intensity of the clectron bean aaring the

| working time of the pulue.
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‘ sncle circult of unit oo
L 0'!.0...00.D'....'..ﬁﬂo....

The basle circuit of the PPR (Fig.61) consists of 2
‘ ‘ | athode-ray tute, +ype 132JLI31, th 1ts equipment, brightep
ing pulse shaping stase and vidco amplifier J6=1, +ype EHIL

b The cathode-rzy tube equipment comprises:

(a) rotary deflection coil L6-2;

(t) scloyn-motor I6=1, type CMC-1, rotating deflection
coll T.-2;

(c) focusing permanent magnet with adjus*adle
) (d) centering systen for shifting the
the screen of cathode-ray tube 13131 1in ho
vertical directions.

)

(e¢) phasing contacts for synchronizing the rotation of
R "
shic deflection coil with that of %he radar antenna
oothed current is delivered +o
the swecep unit. The deflection coil

antenna around the neck of Lhe
cathode~ray tute. The Gellection coil ig
! gearing 10:1

i : : Tre deflecting saw-t

! deflection coil 7.0=2 Trom +
is rotated in step wizth tre

rotated through

by receiving selsyn 6=l (type CLIC=-1).

ihe phasing swvuiteh

. 18 Invended for connecting the
receiving selsyn to the

‘t amy 442 -
ronsmitting selsyn (antenns-~mounted

‘ | wen pogcitions. The switeh contact may
be shorted by means of relay ploi-l,

s : unit L1) in one of

S 4
L

[N
{2

) _ 717057 shown 43 ng
i Fliedy BNOWS the schematle Ada ’
& heme dizgram of the p iving
seloyrn. T SaTa™ R
' o - »
i el imyme T
i il

oT the swveep unit is

communicotcd to
. L e 4 eater through coaxizl
[ gable Lo oy teee TS man o

-~ K3 - -
\ , wheSoSlgnal ds passed over eable 35 to
' Caw cnthiods od i sooond +riod -
s OO0 T e O_' - . . . )
] . | - C valve I6=1 (cm1 Y. This ¢

vaten napiifler of unipolar signals. The width

p o Fie 3 Teyra
< -t ¢ anow ‘7 T it
4 ot s 0 0.1 %0 1.8 Mo/s. Trom the
! [OIF AR I A I s e
} J © Cr @ posltive simmal is furnished
. R RIS U TR Y I ST
‘ O Ui criin 01 “,&.L.in’;L-ﬂ'.._'L;ﬁ, Tube A ( ‘ISTT""%'} N o ; A
) T Pl A 1TNQ gathiode
010 wnit JRIUT triodoe ou velve B 3 .
v SR Ave JGe1 15 fog with & sween trace
< > w2y [ 3%
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vrightening pulse from the sweep unit (over a multi-core
screened cable).

The brightening pulse 1s passed to the first anode of tube
 I6-2 from the anode of first triode of valve l6-1. The video
amplifier is necessary because of substantial losses in the
ilong video cable and for ensuring the frequency passband.

' The indicator beam brightness is controlled by varying

the positive potential at the cathode with potenticmetér R6-8
BRIGHTWESS ( IPKOCTE). '

Focusing and centering are effected by means of a permonent
 ring=-shaped magnet.

-~ The ring-shaped magnet 1s assembled in a magnetic systenm
“with controls brought out.

The beam centering is achleved by moving the maganetic
shunt while rotating knobs VERTICAL CENTERING (BEPTHKAJNBHAA
[[EHTPOBKA ) and HORIZOWTAL CENTERING ( FOPUSOHTANBHAST LEHTPOBKA ).

Tocusing is controlled by knob FOCUSING (HOKYCUPOBKA )
coupled with the magnetic shunt moving on the helical raills
of the magnetic assembly along the magnet axis, thus changing
the field.

+900 V D.C. is supplied to the second anode of the tube
from high-voltage rectificr [-25.

A D.C. regulated voltage of +300 V, feeding valve J5-1,
the first anode and brightness control divider of tube J6-2,
is delivered from resulated rectifier I-8.

The filament voltaze to valve JI6-1 (GHUI), tube J6-2
(13131 ) equal %o 6.3 7 zad %o dlal lamps JHO-3, JHO-4,

JH6-5 equal to 2 V is appiied from the step-down transformer
of unit [J-22.
 The rotor of selsyn-motor M6-1 operates on 115 V, 400 CeDuSe
 from the inverter. ,
The brilliance of the aial lamps is controlled by means
t 0¥ rheostat R6-11.
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Unit_supnly

The unit is supplied from +he following sources:
! ' (2) 115V £ 3 V, 400 cuepPes.+40,~20 CuDeS4}
- (b) regulated voltage +300 V £ 3 v
o (e) D.C. voltage +4900 V £ 300 V.

o - 7. Mutoselector J=7

Burposg

| The purpose of autoselector unit J-7 1is %o synciveoaice
| the radar ovperation, follow the target automaticall

L s
y oin rance

and select the target video pulses for the elevation trackling
| unit and AGC channel.

I Qom_qs_’t_i_og_ o7 _unit

Autoselector [-7 consists of two main parts which are a
! selector and a lock unit.

| The loock unit 1s mounted on the first subpanel and
consicts of the followin~t assemblies:

{a) Crystzl oseillator designed for stabdbilizing the mid
E repetition frequency of the pulsec gencrated by the unit.
) (b) Vvoltage dividers converting high frequency of the
crystal (60 Xo/s) to a -serics of short pulses wiih repetition
: ' frequency N~ Or N, CePaSe
; {e¢) Treauency nmodulation phantastron modulating the
I repetition freaquency of the synchronizing pulses.
(&) OCutput cathode followers allowing the output

yanchroniocinese puluon of 43 § 4

WV ‘_\.t..uv..) O ne o

b ° 7o I unilt to be passed through long
georecned conduchors.

SN T e ey ey T ]
¢, YO-mlerosce. delay multivibrator desimed for displac=

i 4 L 2T AR ST TP PR e g . -
| ing the trausmitter trigrer pulse for a time cqual to the
A T en Y e + - ey qn s o :
; initial deloy of the range mark in e selector ocircuits
. A e EE R
50 nmlcresec. is

(Zized éelay of
opocrated o1 (UBCK).

conneeted when the radar is
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() Delay line producing a srmall additional delay (about
1 msec.) of the ftransmitter trigger pulses.

The selector portion of the unit is mounted on the sccond
and third subpanels and consists of the following assemblles:

: (a) Comparator comparing the time delay of the tracked
1ta;rget gignal with the delay of the gate pulses produced by the
anit. If the delays are not coincident, the comparator

| produces the respective error voltage.

(v) Doubtle integrator converting the pulsec error voltage
to constant control voltage for the range phantastron. It zlso
ensures the veloclty memory of the systen.

(c) Variable delay (range) phantastron delaying the gate
pUlSOa- Together with the integrator and comparator it fowis

a gervo system Tor auwtomatic target tra acking.
(d) Selector proper designed for separation of the target
'tracklng pulse from all the tar reets within the swept area.

Jw‘l-ﬁ-lww- - e s s

ig.58 is a representation of the autoselector.
. The crystal oscillator produces a stable freguency of
. G0 Xe/s. ”
The frequency dividers reduce the crystal freguency 1
three stages (3:1; 4:1 and 4:1). |
The third frequency divider go cmerases palces atv rreguency
[0
N, ¢.p.s. and starts the modulation phentastron. The trailing
synchro=
edge of the phantastron pulse controls the moment all sy

nizing pulses of the unit are generated. o

The control cireuit of the phantasiron ig fed witn
ﬁSinusoidal voltage irom the reference voliage gencrators
The phontastrorn pulee length being chansed, all the

- to -~
synekronizin~ -ulses produccd by the unlt are proved

it

J

i‘requc C‘\""Yq\( -A‘L‘j,'tedc
‘ T iz the first in time to go
The chick pulse of cirouit K=
(time moment t., FLo.9, Port I)e o ed
. oD § s are ue.l.c,:‘ LN
ssor and sweep vplgiel rulses are Yy
o)

N . S 1 mentioncd
90 mioroscc. vith roepect o uac above=nen
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transmitter tricger pulse is delayed in addition by 2

nierose,
‘ wlth respect to the suppressor and

sweep trigger pulses.
The synchronizing pulses arc communicated to the externs]
circuits throurh the cathode followers.

k ‘ The variable delay phamtastron circuit is
' moment tl.

F The trailing edge of the phantastron pulse controls the
moment the tracking indicator trigeer pulse is
and the moment of oper
(34 microsec.),

Position of the multivibrator pulse trailing: cdze assesses

» the moment of operation of +he tlocking oscillator which, in
turn, triggers the 1st and 2nd gate pulse oscillator, the 2nd

| pulse being delayed by the delay line by 0.7

l relation to the 1gt pulse.

started at 4ige

generated,
ation of the iixed delay multivibrator

microsec. with
The range mark formed in the circuit
} _ is delayed by 0.35 microsce. with respeet to the 1lst gate pulse,

The tracking indicator trigger pulses, gatc pulses and

range mark can be simultaneously displaced with respect to
|

moment tlg provided mutual time dela
| Since generation of the cnumerated pulses.is associnted

with funectioning of the variable delay phantas
the phantastron pulse duration
with the entirc dista

¥8 between them are retained

tron, variastion o
allows the pulses to be displaced

nice range, and ~ate pulses can be matched
| with it upon arrival of +he tarzet pulse.

Throush the comvarator ang integrator circuits the target
pulse contreols ¢

he duration of the variable delay phantastron

pulse kecping the sate nulses avtonatically in +he stage of
ance with resard to itsel? (the So=called target tracking).

vulse of *he trnckeqd tarzet and tho selceting pulse

L arc appls

icd Yo 4hc coinecidence Stace.

ereinee stare allows the trackeg target pulsc to
1 e N et - >
¢ sclector channel, Freventing the passage of
| all pulces  Trom the other targets. The pulse scleeted is
! 44 3 e ive oy v e e
ampliried ond throush the cathode followers is urnished %o
] the cxzterncl clrcaiis > unilts :
. the ¢ alts (to units I1-3, Tty ana 1-10).
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Dgscrlption or schematic dlogrom of unit

o T O -

(2) Lock unit

@ HassOe e
l Sk LGrystal ogerillater and pulse Renerator ‘

; The erystal osclllator (Fig.60) cmploys valve 6HSC (7-1):
tno crystal is conncctced between the grid and cathode of the
vqlvc. '

70 obtain gencrotion the circuit in the anode is tuncd
,uo a frequency higher than that of the erystal plate (£ eryosiol-
60 Kc/s).
| 3 During functloning of thc crystal oscillator, the grid of
V°1vc 17-1 is kcpt ot a great negetive bias duc to which the

k
] yﬂnodo currcnt flows not continuously, but pulscwisc.

i ‘ The anode currcnt pulscs arc passcd through transformer

' Tp7-1 winding and develop a voltoge across it (boc Pig.61)
isynohronizing the blocking oscillator (Uiilizes the right
“portion of valve 17-1).

b ] Ffunctioning of the blocking oszcillator is illustrated in
Fig.02. When the znode current passes through the transformer,
a positive voltage is induced on the grid causing the anode
current to rise.

| The grid current flowing through resistor R crecates a

' - voltage of the opposite polarity and charges capacitor C.

_ When the anode current stops rising, the grid voltage is
' not induced., The valve isc ariven sharply to cut-off by the
b, negative voltage across the capacitor, and the latter start
b discharging through resistor R. Damped oscillatlons arc excited
in the anode, and pointed peaky pulses are produced at the
OufPUt (voint A).

i The pulse generator of unit K7 functions in cssentially .
| the same way,

. | ; S ohe Tiohh »i

' ; With 4he wogitive voliage at the grid of the righs portion

i *I valve J7-1, capacitor 7-104 acquires o charge. The ocapi=
citor dlu(‘ﬂdl"f’es through resistor R7-100. ‘
The ontput negative pulses having o frequency o 00 GeP.d.
“r'e Taken Trom wegistor R7-104.
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l Frequency divi g

i The synehronizing pulses token from resistor R7-104 are
i ' furninled 4o the cathode of the left vortion of valve JI7-2.
This stoge (Pig.63),which is actually 2 blocking
oscillator, 1is intended for dividing

divider).
The fuvnctioning of the blocking oscillator is analogous

$0 that of the pulse generator, the difference being that

frequency (Ist freguency

| three times ag large as the vime constant of the

pulse gonoeravor
circuit.

} _Owing to this the blocking oscillator is triggered only

i © by the fourth pulse furnishcd by the nulse generator, since

certain synchronizing pulses (2ad and 3¢ in Tig.64) fail to

open the valve during the charge reduction <ime of the capacitor.

Thus, the eircult acts as a fregucncy divider (3:1
Potentiometer R7-~107 is uscd for wvarying “he circuit tim
l constant, which is meccssary Lfor obtaining siutle Civigion.

Thne outnul negative pulses arc taken from resistor R7-110
and furnished to cathode 2 of the frequency divider (right
| portion of wvalve JI7-2) whose division ratio is 4:1.
| Potentiometer R7-115 1s used for varying the time
‘ constant of the cireult (C7-114, R7-116, R7-115).

, Taken fron resistor R7--113 are ncgative pulses going to

I¢ portion of walve

cathode 3 of +the frequency divider (1e
Ji7=3) vwhose division retic 12 4:1,
| ' The time constant of the circuit (07-116, R7- -118, R7- 117)
: . 1s adjusted by potentiometer R7-117. The output pulses of

| frequency n,, pulses per second arc
l R7-120 (ncgative) and from divider R7-123, R7-124 (positive)e

| The £tobility of the obtained nulse sequency is rather high:
E ? ior +he freaucncy‘is crystal-controlled,

-

taken from resistor

SECRET
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time constant of the circult (77+i08, T7.1C7. 17-108) is »oproxim
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:
3

- 50X1-HUM

Declassified in Part Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4



DecIaSS|f|ed |n Part - Sanitized Copy Approved for Release 2012/04/18 : CIA- RDP78 03066R000200220001-4

NV TUOURLKIUIN ViowLin

SECRET
= 10l = 50X1-HUM

-y

tlodvlation phaniastron

v The ncgntlvo pulses from the 3rd frequency divider are
rngsed to the phantastron circuit,
; The pnanuastron 1z o modiTication o? *he cathode—counlcd

multivibr°t0r which employs a multigrid valve - nentagrid
6A7 instead of two valves.
the simplificd eircuit of the phantastron is shovn in

Fig.05, and characteristic curves. in Migz.60. .
: Valve OA7 can be considercd as a pentode whose screen
%grid is substituted by the whole system Tormed by three grid

) ‘—k-?‘,, L733 Gl’{..
The second and fourth grids arc coupled Together
are fed with a positive voltage and Function as o scroen Jrid.
;The voltage on grild GB rizy be higher ox lowex than that on
‘the cathode; this grid funetions as an adaitional control
grlde

Due to provision of the sereen grid the variantion ol the
voltage being applicd to grid G3 has no notiecobl
the total amount of the cathode current of the valve which is

4

f essentially the sum of the snode curront ond evrrent of
i
&]

Itnge soverns the

e
{sereen grid; however, the mognituce of
| current dictribuation beiween the ancde o

' I the voltage ot grid Gr,3 hag & largc
, o . e T amrdne She anthod
with respeet 4o cathode, the clectrong looving vac gothote

3, oo . P} 5 e B Tl To e T VL‘H.L
! lare not adle to wasy the grid; for this reosoll 2od

i celectrong owa directud B0 the gorech,

i
! ‘blocked. The voliawe ims on grid Cﬁ cnvses orn dneronse In
the anode ourriat ool a Jorye ~ﬁonuin~ decrense in thoe Bereen
* orid cuvrrent. ,
: In priqa 3. itseir the cuwrcnt aspeors waen 1ts vellage .
1  roaches dhe enthode voltoge. Tike the coniwol grid of &
| rentode, srid ¢, cowtrols the. total or the ancde current anu
i the gereen rv;uJ urrents Grid G5 Tunctiong normnlly woon
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1 Voltnge to screcn pgrid G2—G4 is picked off voltage

f divider R7-132, R7-133 (134).

; The current in the cathode clreuit of valve JI7-4 is to g
§ greatv cextent determined by the screen current.

A voltage drop of about +43 V oocurs across resistor

: R7-130. A voltage divider formed by registors R7-128, R7-129
é feeds grid GB-with a bilas of about +25 V with respect to
. earth. Thus the bias sct up on grid G3 is -15 Vv with rcspeet
to cathode and 14 5 magnitude is large enough to drive the
valve to cut-oli,.

This steady initial statc is illustrated in Fig.60 as
stage VI,

The stage i characterized by that the anode current is
blocked with whe potential at grid GB’ and vne screcn grid o
currcat 18 controlled wiwh “he potential atb grid Gye Due to

a large value of rcsistor R7-131 the anode current is
maintained at a2

a level vre-sct by potentiomcter R7~-126, "
through a diode (right portion of valve J7-3).

The cathode voltage of this diode ig aotually the control
1 voltage of the phantastron,

Grid (y is connected to the +300-v supply through rcsistor

R7-132 and it is kept at zoro bizs with res peet to cathode.
ans . e v SN KR} - o - .

Capacitor ¢s is charrcd o the conirol voltage minus the

initial voltage on grid G, with respeet 4o carth.

-~

furnished with a negative
uweney divider. In this case, the cathode

relative to anode, causing the
anode curwaent in tnce dlode to i
! e + ‘lode to inorcasc. This current whilc

AV ey e e S e o3 3
owing vhrowsn ragistor R7-131 dovelops n voltage drop across

s "

enode voltage of the phantastron dcoreascs: B

also communicated 4o orid Gy via capacitor

CCy which “ovelves redvetion of the curvent *10W¢n0 through %

¥ eavhode rogistor N7-130. “he positive potentin) on the cathodé ;
deorenses, wWileh lowors the bing

on grid G3 ond plves start

- PO T
Tho noraTiy
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@tc the £low of the anode currcat (Fig.66, stage I).

O3

Gonration of theetove-mentiored stage I 1s  approximately &

by the voltagc dropping on
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capocitor Cg has no time to discharge matericlly throush

“resistor R7-135. The cathode voltage becomes so low that grid

docs not prevent the passage of the anode curvent. The

nicrosces.

the next stoge of phantastron operation is characterized
e
9]

he anode in & lincar manner. Thc

“negative fceedback through capacltor Cg cnsures the constant

rate of voltage varlations.
this mives start to discharge of capacitor Cg charged 50

“+he control voltage dctermined by the position of potentiomevow

n7-12G6 slider, minus the inital voltage on grid G,.
There is no current in the circuit oi grid ¢, and its po-

. tentiel storts rising to +300 V., The cnode currcnt and the
:potcntial cf screcn grid GP—GA incrcasc. The resultant anodc

voltage dron is supplied to grid Gqs therety preventing the
rise of its vositive voltage.
That is the result of the feedback cttect. The voltages

- on the anodc and screcn grid drop so that the anodc currcnt

ccases o increasc when the positive voltage risces on the grid.
: . . oo s s et
mhe time of the lincar voltage drop 18 proportional tc

. the comtrol voltage sct by potentiometer R7-126.

Tn the next cyele (stage III, Fig.066) there is no xecd-

back, the anode voltage rises slisghtlye

iges “Sending to reach the
The voltage on control grid G, riscs sending to

ag V ‘
rlus (+) of high voltage according 4o +the time comstant cf

Ce Rg, the cathode voltage and screcn grid'currcnt incrcas§,
e to a voltage drop on the screen crid, the anode currcnt
would have +o Tisc. Dut the risc of fthe current Tlowing
through resistor R7-130 causes an increadc of the dbias |
~pode currcnt, wnd thc

on

grid Gqe This proevents incrcase of the
anode voltage riscs continuously.

At lagt the cothode wvoltage S0 rises T
18 olipped by the bics on grid Gge Thls process lusts aboub

1e5 microgces.

SECRET
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When The anode eurrent 1s clipped and the voltage on 4,
recen grid drovpa, the blocking oscillator gets execited. The
ocking oscillater uscs valve I7-5 (xight nortion

ox the valye
the voltzge rise on grid Gl is backed

by the risce of the
nede voltages. The screcon grid voltage drops rapidly duc +o
the inecrcasc in the grid current.

The rate at which the anodc vclt”"” riges 1s dciernined

by the ratc o fall of +he onode current dcepeondi: g on whe bing
a¥ G4 and RC time constent (Pig.66).

| The voltage on the sercen grid drops to such o G.ooroee at
) which Its curront ceascs %o grow as the bizs on Eric &y

dcegroasas,

‘ Before the vhantastron comes back $o the initial st ge

o)
ve, the Tollowing phenomena take place in it

The anode wnlitage riscs a3 high as the control voltage.
Capacitor Cg charges To the same voltage magnitudce. The

anode :
4=~ ' ot F1- - .t -
( voltage rises with the RC +imc constant tending to rcach the

{ plus of hirh voltage. As the anocde voltage riseg, the voltage

! across capacitor Og riscs too. The anode voltage riges until
it ig cliowed by the diocde. It remains constant beforc arrivel
of the next ftrigger nulse.

The considerca prccoss results in the moment of operation

N . P .-
of the blocking oscillater, ut cilizing the right portion of

[y ~ . a Y - E

7-5, being time=delayed with respeet to the trigger
riving Trem the 3rd divider. The amount of delay
dcepends unon the conatrol voltage,

valve I

pulse ar

of operation of the blocking oscillator
boginning of the sL;plng procegs of all

ayachronlzing mulges produced by the unit. :
Jita thoe constant mogniivude of

voltasc, tho s¥nc chroniving

he momens
determines )

o

the phantastron control
mulses ofc displaccd by the amount

o dolay produced by a Lo .
: by the vhantustren, but their ropetition
U frequeney renalng caunl to the froquency of the pulses of
: 2 o MR | - v * 4 » oL
the Sra aivider, l.ce n, pulscs neyp sceond
' hd L]
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. i To obtain frequency modulation (wobbuln*ion)
‘ ~ [V 7
inugoidal voltage of 0 c.p.g.

alternating
frequency token Lrom potentiometer
/=007 slider is superimposcd on the constans control voltage @

)s voltagce is applied to the potentiomcter from the
pcrerence voltage generator or from the Ro oscillator of +the
“soursc indication unit),

When acted on by the control volteg vorying sinusoidally
she delayproduced by the phantastron varics simigoidally, too,
 dvc to which the interval between the aGjaceny pulscs

“Ancircases oxr decrcasces.

i b This variation of the interval is tantrmount o Treai.new
Troauene

podulation in the coursc of which freoqueney N, rcecives Znercment

;\:;2 sin (27lt).

The ratio of maximum frequency incrcment An to initial

requency n, 1s called the relative frooucney dcv1ai*o ().
i ' jLSlnv potentiometer R7-007 locaved on the Tyont uancl of .the
”unlt allows any fregquency deviation to be sct within 0 to 1

Jper centb.

In the coursc of Trequency modulation, during the timc
he modulating voltage changes from zerc to maximum (iec., Tor
he half—-evele of <%he modulating voltzgc), cvery following

N e

-3
v

o
I ™

o dlgvlaced with respeet to the »receding

@)

trulsc

total
3 >

displacemcnt tr of the pulse in rclavion Lo its nogition

L

&

i

determined, in the absencce of modulaticn, by cxpressicn

. c
; © .
> o) S
1 jors Lo Lo~
e L
I
by MY dhet " . ] ~ - W e
% ‘ne disnlaccement of pulscs is the resuit of veristion

L ¢ the Geley oroducced by the phaniastron, owing tc which the
i ¢ llnear scetion of the phantastron (unit J7) cxcecds two )
‘;microsoa, rad the initial control veltarse of the vhontastron

irovides Tor operation orn the lincar portion of tho chaveote-

, I‘iS“GiC' cueve (Fi{3067>0

™
| #7]
(@]
%)

to omcrate

i
-4
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The relay operates when the radar is on and awitch RANGE,
1 XM. (IOANBHOCTL B KM ) is set at 200 km. In this case, the
phantastron and difference amplifier utilizing the left
portion of valve J[7-5 are disconnected.
The syrehronlzing pulses from the 3rd divider picked off
resistor R7-123 are furnished through capacitor (07-118 and the
relay contacts to the control grid of

the blocking oscillator;
the time constant of the blocking oscllletor time-setting
oircuit increases, for resistor R7-137 (750 kilohms) iz
connected in place of gridleak R7-136 (30 kilohms).
In this condition the blocking oscillator functions as a
freoquency divider 2:1. Hence the frequency of all the synchroni- A
: . zing pulscs produced by the unit equals nq pulses per second. *

tput cathode follower of o

1the poslitlve pulse is fed from the 3rd winding of the
pulse <ransforncr to the grid of the cathode follower (left

| portion of valve JI7-6, type 6H8C) through coupling capacitor
‘ €7-129 (Scc Pig.68). '

Prom resistor R7-146, connected into the cathode of
valve JI7-6 is taken K-1 test pulse (moment %, of time-relation-
ship diagranm, TPig.9).

The pulse 1s supplied to the extermal circuit wvia prong 1
¢f the connectors,

To reduce thequiescent current the valve cathode contains

n
=]

gelf~binag circult consisting of resistor R7-147 shunted by b

capaclitor (7-131 (the cirecuit contains several cathode Tollowers
connectcd similaxly).

TR e mm e e e e mew

to somponsave dfor initial delays in the selector which
total to about 90 microsecs, some lock unit pulses (the

guppremsor end sweer trigeer pulse, transmitter trigger palsc)
are deiayot by 90 microsees,; too.

Trewsziy L orfected by the multivibrator (Pig.69). L
SECRET
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phe nultivibrator employs valve JI7-7 and is actually a
Lpormal cathode-coupled multivibrator.

i the left portion of the valve 1s normally cut off by o
1nrge negative bias Formed by the voltage drop acress common

~thode resistor R7-152 when it carries the current of the f;

rlgnu portion of valve J7-7. .
The multivibrator is triggered through a buifer emplifier L

right portion of valve J7-6), The amplifier grid is fed wita

o trigger pulsc (moment *, Fig.83). Across the anode resi fkr

Y.

-

fbomnon for the left portion of valve JI7-7 end T
of velve J"=" is ‘eveloped a negetive pulse,

t
e grid of the right por tiar. of wvelve U< LE70

0Te136, fie current gtops
‘rlowing through the right nortlnn of the multivibrator, and

ow the left portion is under current (turn-over DTrOCess ).
Such a condition lasts until capacitor ¢7-132 is charged
+through resistors R7-156, 157 to a magnitude sufficient for
riving the right portion ol the multivibrotor valve into

C conduction.

The circuit returns to the Iinitial gtatec.

Across the anode load of the multivibrator are squarcd
the pulses whose duration moy be adjusted by neons of registor
R7-156. ‘

The positive square pulse of 90 mierosces is furnished
' from the anode of the right.portion of the nultivibrator
' valve to winding I of pulse transformer n7-6, connected into
the anode o the biased blocking ogscillator using the left |
portion of wvalve J7-8.. B

AS a result of the cxistent dirfferentiation, two pulses
b - arc formed across the pulse transformer vinding: positivef :
" Ecorresponding £o +he leading cdge of the pulsc, and negative, : o
100r“osnondin5 to itg trailing edge (Pig.70). The pulseg are X
o2 the reverscd polarity across the winding connceted into the L

£rid circuit. ﬂ
: . fThe Tirst, l.e. ncgative pulsc hao no cffect N
valve, the seccond -~ positive pulse makes it conducting thercoy

AR AT T T

W

on the cut off
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causing operation of thc blocking oscillator.

The moment of operation of the blocking oscillator appears§
to be delayed by 90 microsecs relative to the trigger of the
multivibrator.

When relay P7-3 is deenergized, the multivibrator is
isclated from the circuit and the blocking oscillator is
caused to operate by the multivibrator trigger pulsec.

The positive pulse from the 3rd winding of pulse transforme

Tp7-6 via capacitor ¢7-149 1s applied to the grid of the cathole
follower (¥he left portion of wvalve J7-9) :

e

The suppressor and
sweep positive trigger pulse are toaken from the cathode load.

e e A A T
. e i A M A

The pulse is Iurnished to the external circuits through prong 3
in the connccior.

Besides, the suppressor and sweep trigger pulse is coupled
to delay linc Z7-1.

i : & . To climinate reflceetion of th
|
]

—

PR

the pulse from the end of the _
delay line, matching resistor R7-169 is connected to the oxit ;V
of the line. The delayed pulsc is passcd Lo the grid of the 5“
cathode follower (right portion of valve J7-9).
: ; . The trigger pulse of the transmitter-rccciver unit is ﬂ”
\ '\ taken from cathodc load R7-168. v j
& , The pulsc is passed to the external circuit through prong &
of the connector.

Due to provision of

: -
_ the delay line the wrigger pulse of ' 2l
the transmitter-recciver unit is 3

1 microsee, late relative to .
and sweep

the supprescor trigger pulse.

Delay 13

ne
b Loluey line 27-1 consists of +three scetions. Lach section 18 | L

.  actually a single-lnyer z
j

. . { ‘
coil wound on o pertinex bar. The coil 7| i
i L
nductance ia 220 riH. The coil is cneloscd in an carthed . i i
screcncd c¢yiindere The coil capacity with respect to the i
: . gercen (C=58

PI) is distributed evenly over the cntire length
\ of the coll.

gne scetlon of the linc delays the signal by the time cqual | L
%0 Ty= Y %.C = 0.35 mlerogec.
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The delay line consists of three scetions, consequently,
.c total delay oif the pulsec is 1.05 microsecs. The delay linc |
10aded by resistance R cqual to its characteristic impedance, ‘

FeCoy 2 =p =J%:; +620 ahns.

-Hoﬁe: Delay line Z7-3 used in the uﬁit is composcd of
‘ two scctions «¢= 0,7 microsec), and 2z7-2 of one
scetion ( ¥=0.35 miocroscc)..

(b)Y Selector

At time moment %9 (See Time Relationshtips, Fig.9) the
ariable-delay(range phantastron is triggered. :

e e e e T

The duration of the phantastron pulse can be varied by
means of external controls or, in case of automatic tracking,
kby the target pulse. ,

v Position of the trailing edge of the phantastron pulse

B
Zdctermines the delay of the sclector pulscs. These pulscs may

d
;1 L
3
/]

%be displaced over the entire range band, their mutual delays 3
fiveing invariable. j

*

=
1=
o]
o
pe]
=
jav]
=
=8
€
n
ct
o
O
=

: " The negative trigger pulse is taxken irom resistor R7-142
Fand furnished to the cathode cireuit of the phantastron diode

L (right portion of valve JI7-24, type 6HOC).

i The control voltage is applied from the circults of the 2nd

L integrator (Sce below).
: -y K} O - doyy pemnd
: ' The variable-delayphantastron (Fig.70) ntilizes pentagrid
§ 647 ( I7-25). The phantastron circult containg two additional
2 valves,
] 2~ a4 1o
: one of them (left portion ol valve T7-24) is a cathede
: sorati ;ime of the
Tollower which scrves to reduce the restoratlion time of th
ig 3 scousce the lincar .
' phantngiron anode volitage. This is necessary becousc o
e : yer cen
portion of 4he anode volisre drop must moke up about 90 per
‘ B o s ThoeTreas in the
of the interval between the trigger pulscs, whereas i © fos
: incar 3 nake
oireuit devoid of the caditional valve the limear portion m
up at best 60 per cent of the interval (Sce FiE-/1?°

-
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L
7

The other additional wvalve of the phantagstron (left por.

| :‘ tion of wvolve Ji7-23) clamps the initlal volitage on the lgt gryg
of the phantasiron, owing to which stabilization of the

. phantastron pulse duration 1s achieved at fluctuations of the

. ' feeding voltages.

The pulse from the screen grid of pentagrid 6A7 is differes
- ated by circulit ¢7-314 and R7--323 and amplified by the‘right SO
Il ' portion of valve II7-23 (6H9C), The amplificd positive pulse L
corresponding to the trailing cdge of the phantastron pulse
(See Fig.7?) triggers the bloeking oscillator utilizing the
left portion of valve JI7-22 (GHEC).

o

Blocking oscillator

\ ' The right portion of wvalve JI7-22 (6H2C) is a trigger '
§ amplifier (Sce the schemotic diagram). The blocking oscillator ff
B _ is‘triggered on account of the anode load common for the
: B Illfle and dblocking oscillator valve which is the winding of
P © pulsc transformer Tp7-8. From *the third winding of blocking
I /// 030111awor pulsc transformer Tp7-8 the positive pulse is i
S . passed to the grid of the cathode follower enploying the left ' ii
} L . portion of vulve I7-20 (6HSC). positive trigger pulsc of S
{f’ : the tracking indicator is takcn from resistor R7-302 of the
: cathode follower,

This pulse is furnished to the externzl clrcuit through.
prong 12 of the connector.

Imltivibrator | :
The dlocking coseillator pulsc tnken from resistor R7-316
connected into the cathode of +the blocking
&

; oscillutor gstarts b
the multivibrator (Sce the schemntio diagren) '

3 ' The duration of the multivibrotor pulse is set by
L - potentiometer R7-309 and ccuals 34 microgecs,

CO

“he dlocidng eseillator employing the righi portion of
valve Ji7-13 (Scc the schemctic dlabrum) 1s tri

;
i

;

|

W

Dlocking oOseillato y

| |
coered by the trel ‘:

ing edge ol the multlvibrator pulse, !
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‘The moment the bloeking oscillator is coused to operate is
dqolayed by 34 mlerosecs with respect to the trigger pulsc of

From Winding III of transformer Tp7-10 the pulsc of

c1rcu1to (see bolow Selcctzon of Target Pulse’ ).

The pos¢t1ve pulpe from resistor P?—97‘ is ooupled +to

This pulse starts the biased blocking ogcillator using the
right portion of valve JI7-20.

« connccted into the blocking oscillator cathode are delny
;1nus z7-2 and 27-3 loaded by matching resistors R7-272,

H? -223. From the 1nput and outnut of the deloy line (27-3) are
~ken 1lst and 2nd gate pulses rcespective and connunicated to

he comparator circuit. ’

From the output of delay linec 27-2 the pulsc is furnished
o the grid of the first portion of valve J7-12 to shapec the
ange marker.

Comparator

T T i T

The comparator cilreuit comprises two coincidence valves
Pigs74)e
’ ;;2 coincidcence valves arc represented by pentagrids GA7
(valves J7-14 and J7-15).
5 tac control srid of valve J7-15 iz fed with the let pate
;;ulse,‘ind e control grid of velve JI7-14, with the 2nd gute
wlse, the latter being delayed by 0.7 microscd with reapect
¢ the 1zt pulsc. .
The heterodyne grids of thesc valves coupled together arc
upplied with video pulucs of the oirouits from the reociver
output.

24 tien of
. W A e 40de (left port
The comparater clrcult convalns 4 ¢lo (
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NG FOREIGN DISSEM

Declassmed in Part Sanitized Copy Approved for Release 2012/04/18 : CIA-RDP78-03066R000200220001-4



Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA-ﬁDP78-03066R000200220001-4
4 NO FOREIGN DISSEM |

SECRET ‘ -50X1-H lUIVI
e 112 had ;

. 7 valve JI7=10) designed for D,.C. restoration of the video Pulse
and noisc aftor coupling capacitor (7-216. , '
l Valves J[7-14 and J[7-15 arc cub-off on both grias and . “
arc triggered only when the pulscs applicd to the control | ¥

and hetcrodyne grids coincide,
The amplitude and duration of the coincidence pulscs
, , _developed on the anode loads of the pentagrids grow as the ?
’ degrce of coincidencc of the puises arriving at the control g
and hetecrodync grids of the valves increascs. : i
-If the lst gate pulse coincides with the target ccho, i
- the current in the circuit of valvell7-15 iz prevalent, and _ H
if the 2nd gate pulse, the current in the circuit of wvalve %i

N7-14 (Sec Tig.75). When the gate pulses arc in symmetry with

the ecirecuit pulsc, the current in both valve circuits are "
I : cqual, '

v In order 1o balance the comparator circuit variable RE
‘ _ o )
a resistor R7-001 is connceted into the cathode of one of the 5
+E valves. This resistor is located on the front panel of the unik : b

Colngidenca pulse amplifier

The coincidence pulses (See Pig.?6) are furnished to :
the single-stage smplificrs (valve JI7-17, 69C). The positive ]
pulses from <she anode load resistors R7=242 and R7-245 arec ‘ :
) : o passed to thc lst integrator circuit,

e e

o st intearator (cherse-digehayre yalve)
}

The ist integrator cmploys two portions of valve J[7-18 v
(6H9C) cach of which is out off on the grid and opens Tor a it

depending upon the duration of the pulse arrivine from the
. g :
coincidence pulsce amplifiers,

I
|

i

§

e e e

The lead of valve JI7-18 is 2 £il%er fTormed by C7-224 and
R7-251.

lﬁx 3

o e : i
the dlagran (Fig.76) shows, opening of thoe right i
tricde of valve JP-18 1s accompanicd by the charge of capacitor\
¢7~-224, and onening of the lefd tricde, by the capacitor }
discharscs
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T e gric of the triode is sunplicd with nvlses of

senel amplit sude and duration; the charge and digscharge currenss
e equal 00, and the voltage across the capacitor is
ikcpt invariable. This corresponds to the casc when the balanced
Lzomparator ig fed with the receiver noise voltage or o pulsc

~eturned from the target whose relative specd is zcro.

1T the target spced is other than zero, o stase of
funbalancc occurs the comparator, and depcnding upon the
¢irection of whe uarggt £flight “hc charﬁc or dischargc

Fad

“ourrent prevails in the integrator circult. In this casc,
o

inegative or positive voltage proportlonel to the tergot it
sottles across capacitor C7-224.

Br mcans of the relay contacts addivional covacitor :
 c7 225, whose function will be cxplainced below, may be conneoted
Joc the filter via resistor R7-252. !

Cathode followes

o
w0

The voltage from the dctector filter is applicd to
¢crid of the cathode follower cnploying the 1edt rertion of
£ ralve JI7-19 (GHEC).
i “mhe cathodce load of the valve is formed by three voltage
Faividers: R7-254, 255, W7-256, 257 and R7-25€, 002.
? From divider R7-254 and R7-255 connceted into the cathode
¥ oircuit of valve]l-19 o ncgative bing ig taken o ¥ho grid ol
fthc right portion o charge-discharge valve J7-13.
: oving o this conncctlion, whe grid petentlold of valve . i

G T wgneet e 1ts

i 17-12 remoins spvroximately constont with respe e ] .
: everinge aopnitude oa
cathede dospite the eathole voltage Ve rying ln maghi

[T

rolority, . PRI
Co ? The ormo of divider R7-256, R7-207 are ¢ chosem WA
the voltupge at the poilnt wherc the n~bove woplstors &rc connio )
veuzls thet on the grid of the cethoce fol}owor (see MToTges -
sczreh? below). |
The third voliage alvider is —
%7002 TNINGRATOR BALANCE (BATAHC HHTETPATODLAjon the ifwn oo
Tenel o the unit) ond resistor R7-25C. Fvom the PotTLOMCREE

composcd of potentiometer

- e e -3 41ter 1o
plider 4he woldapge repoating the yoliogs on vl
r.’,}‘.»,li; o] -tc J.:l.l( ace O.qd 4 n-c{ ey 101 .
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mhe 2nd intcgrator (Sce Fig.?77) cmploying valve =28 i ) ;f
‘ (6:8) is cetuslly a voliage negative Tecdback amplificr, E Er
L. The Tuedback volvuge is applicé from the anode of valve 5;.
b ’ I7-28 (6%3).% te control grid threugh intcgrating capacitor
-

o - C7-317. , : . -
“hen the DL.C, control voltape is annlicd <
intogrator input (i.c¢. to *he control & oF ¢ U
wroush R7-347) the volicze on the onod
lincarly.

The gtcepness .of the voltoge varintion on the anode is
£

proporticna Yo the magrnitude of the inmput voltogc. Dopending 'f
the input voltage the anode v Eyf

toward increase or dcercasc,

rtion of valve Ji7=-27 (€HGC) scrves to

ish fccdback that increascs

3y

1 foedbuck voltage is applicd to the serecn grid of i

upon the mognitude and polarity cof

voltage noy very

| , The right

the integrater lincarity. bt

ct
23
o
o
o

intcgrotor circuit provides 7
miting of the rsncc voltoge by 1

limi he dicdes - thc righ ;
portion ¢t valve A7-16 (6X6) for maximum limiting of the anode
voltougea, +

he right portion of valve JI7-19 (6H9C) for minimun n
) limiting ol the ancde voliage, and both portions of valve LR
¥ " - . &
J7-26 (Cx6) for grid liniting in moxinmun ond ninimun (Sce FigT

,“kn,-dt chit rndnry from +he

tracking Yo scorch condition
cous.s

welay (27-1)  im unit -7 4o operate. This chonges
met ol wivider R7-237, n7-238, R7-126 and R7-239

1 cLthee s voltngoe of

i s T

oVLT "G

T Es
uu...{

1 T,
L.

the maximum liniter (the right

: - portion of valv.e JI7-16).
| .

_ ‘ "his crouses verdation of the voner limit of +the aistance
’ snge in the t””C"l“L and nuurCP modes. Potenticmeter R7-120

(EAXTIO 5/ EEKCIUATSHAS TANE hCuTB 15 |

3 oused

o e

Lo continuously
control 4hc upper jll“lb ot h

sl ~ "y S 1 . - - 3
Gistrnel womge.in the tracking
,;()éi(} [}
T
‘-
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The voltage on the ancde of valve NI7-25 (RLNGEL VOLTAGE)
15 repeated by the cathode follower employing the loft portion
of valve JI7-27 (6HBC) and via resistor R7-325 it is fed to the
‘uuﬂodo of diode JI7-24 through which the shantostron. is started,
nontrolllnc the duration of the phantastron pulse.

‘As a result, a follew up system is Tormed.

Antomatic terget_tracking

e 1=

The follow up system 1is in the state of equilibrium when
be video pulse from the target is in symmetry with the rate
pMTSeQ. In this case the colncidence pulscs in toth arms of the
oincidence circuit are identical, the charze and discharge
kuxrenus of the filter are equal; the control voltage being

l"pICSSOd on the 2nd irntegrator corresponds t¢ uero speed and

he range voltage is constant.

"’S"""}"":;’E

Variation of the video pulse delay causces a respective
unbalunoe in the comparator. This results in the ousput voltage
zof‘ the integrator and phantastron delay varying in such a
maenner that the range pulses "follow® the target pulsc.
: WVith relay P7-2 (Fig.76) energized, the system posscsses
ﬁmem&ry” in speed, for when the target signol fades out, the
Tange pulses go on moving in the msame dircction end atl
approximately the same speed. _
The speed memory of the system is ensurcd by
time constant of the filter and by provision of the 2nd
fintegrator.

o substantial

vhen the target signal disappears the total charge and
{ischurge current of the filter through valve JI7-18 equals zero
and the voltage across the filter decrcases with the time constant
07 the filter. Tn the consecucnce of this action the rate of
change of the integrator voltage (range voltage) deereases
constantly, too, bub with a short-time fading of the signal
fron the target, +the mismatekr between the gate pulses and the

. -3 3() < nronce
rget echo 1s slight and tracking in continued upen Appear

cf‘ by

7

¢l the signal returncd from the targets
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The target search is carried out by feeding cathode
follower 77-19 with the "search voltage®
via resistor R7-251
(Fig.81).

In the search mode ¢
the filter by rélay P7-2.

This causes'an
congtant

and contacts 1 and 2 of relay p7-2

apacitor (¢7-225 ig disconnectaifrm

abrupt reduction of the filter time
y Which bccomes necessary for locking

on the target
Pulse with the assigned search

speed,
To mzke impossible o sudden change of the voltage across

the filter when the relay is changed over, which may result
in stopping of tracking, capacitor C7-225 iz connected to the
input of the control voltage cathode follower, With divider
P7=-25%, N7=257 chosen properly, the voltage across cepacitor
C7=-225% remeins approximately equel to that zcross cepecitor
C7=22) et eny seorch Speed,

- e e e e

The target is furn
coaxia

T = I CE

ished from unit -
1 cable 41 (gee sohematiC‘diagram).
If there are scvern] targets, the unit allows one to be

sclected for tracking. For this purpose +the unit has provision
for dblocking the compa

rator to drop the target which is not to
be tracked,

3 to unit -7 by

Blocking is cffected by ¢hanging the paramcters of +he
divider in the cathodes or valves JI7-14 ang JL7-15 by -opening
the contacts through which resistor R7-234 in +the tracking mode
is earted. (The contnots arc the component Pard of the combina-

tion control markca RANG he control panel, Fig.81)s

Istor n7-23y 18 accompanicqd by a sudder
the vositive

Voltonge oh the cathodeg ol the
comparator valves, tho terget sigmal stousg centrolling the unit
pulscs may be mateheq with any othen targct.

LEet pulae

L located in T
Disconncetion or reg
increase of

P SR PR SN
and the poate

Szlgotion _of g

“o make unlts I3, ety anc jig functlon, it is necossary
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1

fuc sclect the signal of the tracked terget from 211 the targets, ? 
fhnving cancelled the remaining signals. ;
y7ish this purpose in view unit JI7 is provided with a sc- b
%lector cireult (See Tig.79). L %I
. } video pulses irom the target are passed to the grid of | '
b coincidence valve J17-12 (% 6H8C) through divider R7-210 and o :
7-221. '

This valve is driven to cut—off by the positive voltage
on account of the current of the open valve JI7-11 passing

lthrough somnon cathode roesistor R7-207. . ?

Puring tracking of the farget the cathode of valve Ji7-12 I
15 Turnished wi%h a strobe pulse opening the valve. This nulse
ig shaped as Tollows: '

A pulse from the 3rd winding of pulsc transformer Tp7-10
' of the blocking oscillator employing the right portion of valve B
i - J7-13 (6r8C) is applied %o the input of “he amplifier (the left
triode of valve JI7-13), the pulsc beidg timc-coincident with
the lst goate pulsc. ‘

from znode load resistor R7-219. a negative pulsc is taken
to the grid of valve 7-11.

This pulge is much in cxXcess of the cut off voltage of the
valve which results in cutting off the anodc eurrent of valve
h-11, . .
’ A squarc strobe pulso whosc duration is spproximately l.2
ricrosess is shapcd on the valve j7-12 cathodce
Due to matching of the pulsc from the tracked target and a
strobe pulsc valve JI7-12 opons and the sclceted pulse passc C

through tno sclcetor channcl.

: Lron terrotn ore not passed by
The remaining pulsco frow the targevs arc tp

the valve,
. g ; R - ~11
After being omplificd in *the loft +riodc of valve n7

| (%EHBC) *he sclccted pulsc is passcd to crinnde Lollower H?—?O;tOd
From the ouwpul of the cathodc toilover the pulsc %S conmunicate
by coaxial eable 42 to thy AGC clrcult of The recelver "
(unit JI3) and by coaxial cable 48 to the angle tracking un

(unit 110).
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3

Via the cathode follower (the right
the sclceted pulsce is furnished to prong
and is appliecd tounit T4l via the wvalve

The 1initial operating condition of

portion of wvalve KLQ i
4 of thc conncetop
ond multicore cable, ‘
the coincidence ) ;
valve is sct by means of potentiometor SELECTION LEVEL (VPORE i
CENEKT) (R7-270). |

gontrol SLIECTION AMPLIFICATION (VCHINT.CENEKT. )

(R7-269) cllows the amplification factor of the scleetor o
be varicd within 1.2 to 1l.4.

“

Shaped in the unit is o range morker intended for
producing o bright spot on the indicotor sercen (unit J5).

The ronge markcer
pulsc dclaycd by 0.35
cathodc Tollower (the

From the eathode
the externzl circuits
conncetor,

is obtained by meang of the lst gnte "
microscc, The pulsc is furnished to the W
right portion of wvolve JI7-12, typc 6H8®.§ i
Tollower output the pulse is taken to i

1

(to unit J-4M ond J5) via prong 2 of th |

Control of opcrntion of unit J-7 ! ok

Operation of unit 7 is controlled by mcons of o "E |
’ combination control gituntcd oh the control pancle This % ;
control which is nctuclly o potentiometer structurally combincd o
with o scrics of switches allows all operations on target
Y gcleetion to be done (Pig.8l).

‘ Shifting the potentiomcter slider permits chonging of the
} . > )
: dircetion and scarch rote. The rote of soorch rises suddenly

when proesalng the potentiometer knob %o he stops, for this

clogus contaets 7, 8 or 9, 10 shunting the resistor, and the
’ scnrch voltoge rises abruptly, ‘
Ll

4

After o torget hos been locked on the potentiometer 1is
put to the mid poslvlon. In this cnsc, contacts 4, 6 closc
and the fmemory® relay is cnergized. The

torget is dropped BY
pughing the voteatiometer knob and turning 1t

clockwisc or :
countcer-clockwisce, This opens contnotg 2, 3 and drives the T

RIS
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L emparator volves to eut-off; the gote pulses stop matching the
orget pulsce; the trocking of the given target ceases.

AN

s Tn onc of tho positions of tho range-senlc sclootor iy
iocrted on the control pancl the winding of reloy P7-1 is o ¥

Conergised, the repetition frequeney of the synchronizing
d chonges Iron N, pulscs per sccond to ny pulscs per sccond
nd wobbulntion ccenscs. -

: The filament circuits of the unit arce sunplicd by 115 v,
?\oo CePeSe Via step-down transformer Tp7-9. : g
! The onode and bias circuilts arc fed by the reotificrs {
ouscd in unit N8, | |
The currcent drown from the power supplics mekes uu: {
115 V eseosecesesssessss 0.8 tO 0,95 A
4300 V TCHBe sveesecssess OO0 to 80 mA 3
for wvoltoge 4300 V eesveceessssssess 00 to 70 mA |
for voltoge Of =255 V esosasesasvesness O to 8 mi
for voltage Of 427 V ceoeccosscessecees 300 NA

[}

Tor voltoge
for volioge

O
L Fp b

o]

i
8. Regulatcd Rectiricex 4ﬂ8_ }
Turnosc it

- i

{

The regulated reetificr is degigned for feeding the ’
' anodc-sercon cireuits and the bins oircuits of the radar with i
. reetificd voltages of the following wavtings:

(2) regulated voltoge of +300 V ot o load currcnt of 180 @A;
(v) voltoge of 4350 V ot o load currcnt of 130 maj; N
(c) volte

(@) voltoge of +200 V & b
(¢) rerulnted voltage of =225 ¥ at o lood curront oo 50 mie
the schematic diagram of thu unit is shown in Fig.83.

A dits iy

. ooy A e
¢ of +140 V ot o lond currcnt ofF 240 mh;
t o load currcnt ol 450 mAj

4

ynit desiin T

LD m - +t o
thore nre thvece transformer Tpd-1, Tho-ey Tp8-3
: oo 1 ANSIOTRCT
Teed the cnode and filament circults of Wi univ, tre or -
| 740921 foods the cnodc circuits of roetifiirs: +300 V Iedy +7

“nd Lo v UNrese
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Transformer Tp8-2

foeds the anode circuit of the
unrcgulnted rcetificr.

+300-y

TransZormcr Tnd-3 fceds the anode cireuilts of the
regulated reetifier, as well ag the filament cireuits of all
the wnit valves. _

A1l the trensformers arc roted for operavion on 115 v,
40O CeDeSe o

e e

|
’1

Trom the sceondary winding of tronsformer 8- <

alternoting voltage is supplicd to kenotron JNI8-1 (5
rectifled volirge is supplicd to the output vi

che
205, The

o the Zilter
(C8-1, ¢8~2, IIp8-1) und clecironic regulntor (valves JI8-2,
Ne-3, le-4). The clectronic rcgulntor (Piz.82) consists of
valve JIg-2

(6H5C) ~ regulating, volve JIS-4 (Ci4) = control,
and volinge regulator J8-3 (CI'3C), which scrves as o source of
rceference voltage for the eathode of valve JI8—4 ond for voltage |
divider R8-10, R8-11, R8~12 (3ig.82),
Registors RE-7, R8-8 gerve
! the stebilivolts, as well

n’

+300-¥ zeguleted Teetificn \i
i
|
|
|
i
|
|
!

to limit the current through

L o8

to Tced the screen grid of wvalve
Hs-a (re-7).

! Regulotor opcrstion. Supposc the regulato:
K incrcasca duc to o voltnge risc ot the invut of the regulator
(or decerensa of the load current),. =

1

|
output voltage | '

i

. . |
Divider R8~10, RS-11, R8-12 is so sclected that the voltage ;
. !
opplicd from it Yo the control grid of volve N84 4ig with the
roted voltoze ot the rerulntor output, somowhnt lower than the
reference voliazme on cathode of JI8-4 %

token from voltage rogulator: -
Me-3. Tris cnsures constont negative bins o N

on velve JB-4. Therefort ;
) whe grid notentisl increases rclotive to the cathode as the | v
output voltam: dinex

ls (=4 . \l i
Coses.e 50 dous the current flowing ‘through '
valve J3-4 ~nd resistor RS-6. Thig regults

in on incrensc of .
the voltnrc drow

. . 0
aQeroas ‘l.f‘.‘\, I'Csistor glndy GonSCOU.Ch'bly, Of .thc X \).}
negative ving on the grid of val ‘

alve JI8~23 he intermnl resistance
volinge Aron neross valve JG-2
in vronorvion to the ouwbnut

BLOT Ll ouwnut voltoge. 4

¢ volioge raaains invarioble,

alve incrceascs. The

2 resulty B
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17 the input voltage of the regulator dcerconsges (or the
current incroascs), the control grid potentinl of valve
dcercoscs which causcs the voltage drop across rcesistor
to dcereasa and control grid potential of JIS-2 to

;irora. ge. The internal resistance of valve JI8~2 dcercnscs. The
¢olbnrc drop.acress the latter decroascs and the output voltage

o

.iges to the initlal velve.

‘ The gni-tudc of the reetiricd 'I‘(‘Utll-"."'"d voltage moy be
%cnntrollcd by poteptiometer RE8-11 (brought out to the fron of
; Sthe uanit pemel) marked 4300 V reg. ( perya.+ 300 V) from the
;plxdc* of which voltage is taken to the control grid of

%lv 1vc HO—IL. i - R N ‘,:-‘.—-
Capacitor CO-4 passcs the ripplcs divectly Irom tTac

i o ogaive 8-
ropulator output %o the control grid ol valive J5-4.,
' et B R R IS S -
The output of the +300-V v rcgulated reetivicr contalns
capacitor C8-5 designed O ons urcquWL‘“W opcration of the
ootifier under pulsc load conultlon
-255-y regulatced reetbizicr

e donr Y

The rectificr valve is actunlly kenotron M6=11, type Sl4IL
= S ) <

‘ 11 tron is Furnished from the scecondary

' nhe A.C. voltage to the kenotron 35 =tis

' mhe rectificd voltage 18 passed

+to *he regulator inpute.

the Tollowing valvead:

winding of transformer TnB—?.
fhrough Pilter C€8=12, C8-13, Ip8-5
The cleetronic rcgulauor congists of

 18-12(6030) - wopuinsing, NB-13(6il) - control, MB-14(CI3CY -

in J cuit and circult ox
voltage regulator in tho cuuhodc cirecu

éivider RS-24, RE-25, R8-26.
e operatling priveiple ol tuc

- giostors
Lo thot of the +300-V reetifiers RESLE S
with velve JG-12 scxve

L6 yolve 0¥ C

~055-V veetificr ig similar
qv‘)‘g Re 3?
+g allevin tc

R2-33 conncected in werallcl " port of ho | |

e

thc overating conditiond ' © ol
lond currcnte
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A8~10) conncebed jin prrallcel, volst
C

<

O

|‘.n

ot

{

-

t

5]
oo
e
Y
2,
[

&

v e ppymy oL~y 0T N o
LagNLTAGe 00 The outrhuat voltaee
i
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Y
7

Potentiometer R8-25 locate
- and marked -255 V reg. (-255B
reetifled remulated voltage.

- & i

: -2y contacts supply 115 v to +he primory Windings
of o tr Toxm . |
node transrormers Tp8-l and Tp8~2, a8 well as to the
p}imnry winding of the high~-voltage transformer in unit
25+ Punctiod ' 1 ' -
5 I'vnetioning of the Telzy ensures delilvery of o171 the
‘rectlflcd rositive voltages afior o negative voltage of 255 v
&8 been applied 4o 4he te U i o 25y
h: Pplied to the radar, Upon feilure of the -
-~ I ~77 i
channel, ~11 the voltage deliverod to the radar
arce removed throus

¢ on thefront of the unit Dengl
©T.) 1s used to control the

255-v

from unit 8
h the action of relay p8-1, '
+350=-V rcetifier

bl R i

The recetificr employs kenotron 514} (valve JI8-5)
The 4.C, voltzge is applied 4o the valve from trﬂnsﬁor;er
Tp8-l. The Teetified voltage is impresscd on Coutput
filter ¢8-6, Ce-7, Ips-2.

Potentiometor RE-35 ig use
of the +350~V cutput,

the output via

d for adjusting the magnitude

= enploys two kXenotrong SU3C (valves J8-6
. o (23 wt e |
in pareallel. Voltege to +the

a
. anode S
kcnotrons ig applicd 2r So8 o the
T

o ; srom transformep Tp8-I%~The recetificd
oo 2 9me Ceees - ‘
vVoltage 1s impressced on the outout viag filier

Aps-3. - =% titeer C8-8, c8-9,

osentionetor

18~36 serves tor
of the +140-V outvut

. da L3
adjusting the magnitude

L]

— wa e

L1iee cemploys 4

-

WO kenotrons
otrons Hl3¢ (valves l18-9,

“26C t0 the anodes of “he
om troangfory : ‘
|WLormer Tp8.p,

Pel
de

PR % The rectificd
[39] LML QU wt o=,
© UM via filter 08-10, (2-11

-Ln.’

3G0 o Vo I M ~
P 3,’ % [833] I "\o (k] 0
r e 300 - N . ! NCC LG C

adjustnent of the
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The unit provides for fuse vroteciion of 1] the reetified
oltab< channels,

Chenncl +300 V rege [Ip8-1, fusc [[-0.5 A

E +300 V [Ip8~2 #usc [K-0.25 A

| +140 v Mp8-3 fusc [IK-0.5 A

Cé +300 V- Ip8-4 fusc.llK=1 A

-255 V reg. [Ip8-5 fusc [IK-0.25 A

g The check circuits in the supply voltage circuits (115 v,

LOO c.p.s.) and in the rceetified voltage channcls ore provided
M1th ncon lamps, type Mil-5.
115 v, 40O CePeSe = lomp HJIS-1

+300 [ TCE. lamp HII8-2 .
1)50 v lamp HJB-3

4140 v - lamp HJI8-4
“Z.soo v lemp HI8-5

255 v lamp HJIB-6-

The unit allows all the voltages to be checked using

' Lost sacks I' located on the front pancl of thc unit.
Voltage 115 V, 400 cep.s. is measurcd across jocks I'é-2
r's-3.

, The same voltage being anplied to unit I-25 is mcasurcd
2cross jocks I8~9, e-3.

The voltages below arc measgurcd:

. +300 V reg.,across jacks [8-5 - I'8-1

. +350 V reg,,ocross jacks [8-8 - rg~1-

+140 V reg.,across jacks [8-7 ~ I8-1

+300 V rege g across jocks [8=4 - I'G=1

~255 Vv reg., teross jocks I8=10 - I'8-1

ack 8-1 is connccted to the unit chossiss

9, . Donk and sight Stabildzetion Unit (1-9)

‘purpoesc

The Tunetion of wnits J9 ig two-rold:

1. Bonk stobilizaticn of the homing antenna (unit I1).

SECRET
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! ' P
- 2« Control of the sighting antenna (unit  I-15m). i
) The operation of the unit 1s illustrated in theo functiony V
) diagram (Sce Fig.S4). _ ] %

i
)‘
Bonk stobilization of homing sntenna ;

. O ® 8 002 @B S0 NTOOR DL STEPIPOIOOECTEEYPITNYP
) . - . . . . !
During straight and level flight, the error gignal being ;
applicd to the input of the bank stabilizotion channcl of unit -
v

I-9 is zero.

™ The crror gignel is applied from the bridge diagonal

(potentiometor sliders) formed by the bank potentiomcter of the [
vertical gyro and check bank potentiometer (unit I-1). The -
bridge operates cn 4O V, 400 CeDeS.

3 . . - ~ 3

WVhen the aireraft is benking the body of the bank potenticd ‘ u
ter in the vertieal gyro is disgplaced relative to the ?
Y

votentioncter slider in proportion to the bank angle, which oo
t

results in unbnlonce of the bridge.

el
R4

i
The A.C., wunbzlance voltage of 400 c.pes. (error signal) &
to the angle of bank and o ¥
phase verying with the dircetion of the aireraft bank (when 3
the bonk dircetien changes, the phasce is reversed). The
unbzlmnece voltage is applicd 4o the input of the bank gtablllf'
tion channcl (unit [-9). After passing the cxror signol

amplificr with a

hes an amplitude proportional

differentiating circuit, phose dcotector,
\ D.C. amplificr, it is s~mplificd and converted to D.C. ,
L voltage, which is 2pplicd to the wnit output. :

The D.C. output is impressed on the armaturc of +the bank i

eotun bing motor (unit [1). The motor field winding iz con-

neoted ncross 27 Ve A% 8mall values of the error signal, the i
motor armaturc is furnished with D,C, voltage pulses, the . i
direct componcnt of the voltage being proportionnl to the ‘ .

magnitude of the error signal. Thus, the motor speed is. Ly
- proportional to the magnitude of the crrox signai; ot larger

valucs of the crror signal

27 V D,C. is applicd to the motor '3
rraturcs |

SECRET
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4

mhe bonk motor, typ® IH-11, drives round the antenna tilt
arnal axle go thot the oxle moy oceupy the horizonial
‘pogition by moving simultoncously the slider of thie check bank ¥

?pqtcntidmctor toword Adccrcasc of tho bridge unboloncc voltnge.

. it the journol axle in the horizontr~l poesition, the unput of
e . o . - .
ﬁunit Ip will not be furnished with ~n crror signal. As »

esult, voltoge is not applicd to the bonk motor nrmrturc Iron i

. “the unit outvut and the moter comes to o stondstlll,
r inphas ~tion of sighting (unit
Synchronous and dnphage TotLion 0 RSN NI

- g oming (unit J1) anienncs b
g.%?gl[}.c.??tl}OCO05'.(0.‘..1!1.2-!'.'3-'0
The input of the sighting chenncl of uniw J9 is L
comnceted 4o the rotor of o sclsyn transiormcr, type A=3, i
’(unit I-15117 which is coupled mechonically to the gighting
antorma through gear watio 1l:le The stator ¢f thc sclsyn .
transformer is coupled to thot of o 4tronsnitting sclsyn, type .
=3, locoted in the homing ontennc.
(3 ~ ol
Phe rotor of the transmitting sclgyn is coupled througa
a R 2 mh
wir ratio 1:1 o the nzimuth axle of the homing onvennc. Tho
otor is fed with 40 V, 400 CeDeS.
-+ Yhen there is on angular difference between the rotors

o3

of tho trensmitting sclsyn and sclsyn ransformer, o voltoge 1s
token from the selsyn trensformer rotor, provortional to the
i errer anglce between the gcloyn rotord@ ond reversing the phase .
‘ with the sign of this sngle. ©his voltoge, belng on CITOX
signal, is pzsscd o the input of the sighting chamnel oF . i .
v _ unit JI9 in the way similor to the crror signel coming to tgc . ;
[ input of the bonk stcbilization channcle . , M
Trom the oubput or the signal channcl the D.C,. voluagze 1

' i motor couplod wilth oo i
1s apnlicd o the crmaturc of the actuating motor ccuplcd ¢ _
s s .~ roGucticn gear

the sighting ontenns through o reducticn LEose

JUVA |
ing onoonns, and with

B

Ut

The actuating metor Lurns the 16! o
i eyl fe Eoyord Gecrongc 01 uhl
it the rotor of the sclsyn TTansioTmel L

. S ARO 1tion of
crror angle therchy metehlng vAc position
o

1

3
+he homing and

the sighting -~ntunncg.

o
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.' Degeription of basic_cireuit_(Zig.85) %
\ ‘There arce twe similzar chonncls - sizhting axnd bark E
, : stabilization channcls - having cbsolutcly ifdoniicenl baosie i
) circuits (o slight diffcwence mentioncd below). :
The asscmblics common for both channcls cre: }
Anode~filoment ftransformer Tp9-l, sclcoter switeh BY-1, L
4 Tilters composcd of induction coils 19-3, 19-4, 19-11 =nd {
respeetive capacitors. f

 Tronsformer Tp9-1 is rated for operotica frcrm ths 115 v, ;
40O c.pe8. mnins. It hos four windings: onc vrimery. ~nd threc Ly

sccondary. o gcecondory windings producce 350 V *c zurply <he ?
anodeg of the phoae detoetors, i.c. to obtocin refcrence ?f

voltage, onc sceondary winding feeds the filomoent circuits of 2?

2ll the volve snd is uscd to produce an oriificinl crror
signal for Luning cnd testing cireuwits of +the unit. b
The 8imilar component narts of both channels are: v
1. Error signal amplifiecr - the left +tricde of valve
Jo-1 (JI9-3), type GH9C, with differentiating circuit formed: b
by resistor R9-7 (R9-57) and cenacitor C9-4 (C9=54). o
2. Phaze detector - the right triocde of velve Jo-1 (J9-3)y
type 619C. .
3. 7.C. omplifier -~ valves 9-2 (JP=-4), type 6HSC. ?f
4. Filters - induction coils 19-1, 19~2, 19-5, L9-6, I9-7, | %
19-8, 19-9, 1L9-10, 19~12, 19-13 and respective capacitors. ‘ -’?
5. Relay amplifier - polarized relay P9-1 (P9-2), power i
relay P9-3 (P9~5) and P9~4 (P9-6). .
6. Pilot lenps NH-1, NH~2 (TH-~3, NH-4), o S
The unbracketed names apply to the gighting channel, and Sk
the bra cketcd crnes, to the bank stabilizstion channel.

4

Unit_sapply 3

The unit operates on 115 V, 400 ¢epes.; 27 V D.C. and .

+300 V D.C, ' N ;i
gperation of sighting chamnel 3
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Error signal amplificr
s sPDO

St oS Be NS EIOCROGARY

The error voltage 1g applied to the input of the unit - the
10%th prong of connector [[89-1. Through switch B9-1 set at
OPERATION (PABOTA ) and resistor R9~75 the crror signal) is
sassed to galn potentiometer R9--81, (I2 undamped oscillations
orcur in the closed-circuit system atl +he zero posgition, i.e.
the systen starts'swinging, these oscillations can be stopped

i by cutting out gain. potentiometer R9-31), Trom the potentiometer
'inder the error signal is fed te the laput of the error signal
Ceaplificr {grid 1, valve JI9-1).

nhe error signal amplifier employs the left triode of

‘valve 6119¢. The anode is supplied with 4300 V D.C. The anode
; .load is resigtor R9-1, the decoupling Lilter is formed by
3 capacitor €9~1 and resistor R9-2, the automntic bias resistor
ig cathoCe resisior R9-3.

The nuplified error signal voltage is applied from anode 2
of valve Jb-1 to grid &4 of the same valve (the input of the
phase detecctor) through a divider formed by chapacitor C9-2 and
resigstor R9-6.

Pifo83 shows the voltage at the output of the error
ignal amplificr (grid 4 of valve J9-1 plotted against the
rror signal applied to the input of the amplificr (grid 1 of
~valve Jo-1).
The curve tilt (Fig.87) determines “he galn factor of
the error signal amplifier.

<]

4

Phase dctector .

FECR R B A B B I 4

The phase dctector employs the right triode of valve Jp-1l.
The anode of the phase detector ig fed with 300 V,
- ‘ f 400 cepeg. from transformer Tp9-l. The anode load is resistor
R9-5, and cathode resistor 1ls resistor R9-4.
A pulgating voltage 1s obtalned across load resistor R9-
vhogse magnitude always remains constant in the abgence of the
- error signal. The A.C. éomponent $g taken by shunting resilstor
- R9~5 with capacitor ¢9-8. The D.C. conponent of the voltage is

8

.

i
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applied7through differentiating circuit R9~7, C9-4
or the D.C. amplirier (grid 1 of valve H9—2): e e dup
folloifu: :3fi1dorab1e lag in the regulating device of the
Lo JSten, part of which is one of the channels (the
8ilghting channel in +he cage concerned) of unit I9 d .
?scillaticns are likely to occur in the systen Whe; i;eamPEd
?ng af?enna is controlled in proportion to the formerp erjlﬁn-
1;i’ :ﬂere ;xists 2 lag betweoen the error time and tiﬁ t'ofg
:¢¢orbs are apnlied to cancel this error. 70 reduce *gﬂ ;mt
in the resulating device, a differenﬁiating circuit o
E§9t;; 23;23 ifli:ivid?d which gives & leading phase displacensy
oot ge within the frequency band at which
S may occur,
The voltage taken from resistor R9-5 is negative
anOdeA:fA;E; n;z;ZagztzitBOo Vy, 400 copes. applicd to the
Dhe Or may be cons
r Z:ii:gefrflative to which an error voltage impressed on the
el LIT 19 i -
- fﬁétheoerfij sz?:f 21§fa1 amplifier is in Phase or in antiphas:.
the volmny o érzg , :fi: ihas; wlth the reference voltage,
will be 1in antinhase with zhzerezgi <phasc detector-input)

idered as a reference

of the negative voltasc d rosingen oo and T reones
> ‘Age drop across resist 1
i 5T0r RO9-5 will decreass.
tage drop across

' «C If the err ] i
in antivhagse with «+ N o yortage 78
tiphase with the reference voltage, the negativ ltage

ross regsisto D A s ’ - e comor

STor R9-5 incrcases ang will rise as the error

As the crror volt A i Cases & v
“ . 1 la: e ln‘Crcaueog he O

r(,ulu uOI‘ }g( "‘) dCCI‘GdSL.; J.CS'JCC ui\?Cl s
Re :}0

Apart from being f:¢ with the negative .

upon the phage and - . o Ve voltage derending
the inrutpig zhen; Empi;;?:;iOf e tnoonlng errox voltage, .
4 positive volinge constont iirm§§§i§u§e°fmfflve 19-2) is fed ¥
resistor 9-0 18 taken from the slider oé l.;? voltage via
R9~7S (BALAICL) which together witn resi°tp0 o aneter
constitute a voltage divider for tne »FBO; ors R9-9 and R9-10
resultant voltage is positive, ~ SUrply. The
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3 The resultant voltage at the output of the phase detector

E(inpnt of the D.C, amplifier, grid 1 of +alve J9-2) and its

iconponcnts plotted against the error volt age applicd to the

Einp1t of the crror signal amplificrare shown in pig.88, Fir.89

Esnow the output voltage of the phasc detcotor plotted against
its inmput voltage. The curve tilt of Pig.89 detormines the

"Egcln Tactor of the phase detector
L

D.C. umpliflcr

.
0.'.0.'....‘.

a

; The D.C., amplificr employsz doudle triode 61180 (valve J9-2);

e tThe valve has an unbalanced wvoltage input and a balanced
.Cercnt output. Its anocdes arc supplicd with 200V D.C, *trrough
' the control windings of polarized relay P9-1 and rosistors
79-18 and R9-19. The rc¢lay conirol windings and the
resistors arc the anodc loads of the D,C, amplificr.

The balanced current output is detcrmined by the voltage
at grid 4 of the right triode of the amplificr varying with
the incoming signal inverscly to the voltage.change at grids
of the left triode, i.e. o voltage incrcasc at grid 1 cor-

responds to a volitage decrecase at grid 4 and viece versa,

This rcsults from grid 4 being connected via rcSistor
R9~13 to voltage divider R9-12, 19-14 which is coupled to the
anode of the left triode.

Opposite changes of voltages at grids 1 and 4 of the

' D.C. amplifier agrce with opposite changes of the anode

currents.

n the absence of an orror cignal the currcents flowing
thy ough the lceft and right triodes of the amplificr and hence
through the control windings of the polarired rclay must be
cqual. This is achicved by rotating potcentiomcter R9-79
BALANCE, '

Notation of potentiomcter R9-79 whilc changing the positive

component of the voltnge on: grid 1 cgualizcs the voltages

1 on grlds 1 and 4 before the moment when the curreats through
- both vortions of the valve bocome cquale. In this case, the grid
pPotential to cathode is 8 V.

SECRET

159 - | 50X1-HUM

i

7

Declassified in Part - Sanitized Copy Approved for Release 2012/04/18 : CIA RDP78 03066R000200220001 4



\
Declassified in Part - Sanitized Copy Approved f&r Release 2012/04/18 : CIA-RDP78-03066R000200220001-4

U FOWURLKINTIN W hgJerys ‘

SECRET -
2 130 - ©° B0X1-HUM

hen the crror signal is furnished to the ohannei input
' ' the currents through the left and right triocdes will be immr;d
| , The.nature of current reversal versus thoe voltage at the
[ ‘ input of the D.C, amplificr (grid 1) is shown in Fig.90,

The curve tilt (Fig.90) determines the D,C. amplifier
transconductance.,

Relay amplificer

The relay amplifier is composed of threc relays - polarize
relay P9-1 (type PII-5) and two power rcelays P9-3 and PY-4
(type PI-5M).

The polarized relny has threc windings: two control § 
windings (3, 4 and 5, 6) and one feedback winding (I, 2). The ‘
armature rclay occupics the ncutral position and closcs the
contacts in the extrene positions upon operation of the relay.

The power relay has one working winding and onec switching
contact unit,

In the absence of the crror gignal, thce currents through
the control windings of +the polarized reclay arc equal (Sce
F16-90)- The magnetic fluxes set up by these windings arec
equal, too, and opposc cach other.,

AB 2 comgequence, the resultant magnetic flux is zoro and
the rclay armaturc is in the neutral position.

When the channel input is fed with an crror signal small
in magnitude that inercases the current in winding 6-5
and dccreases accordingly the currcent in w

inding 3-4, the
reoult

ant nagrnetic flux caused by the current differcnce in
these windings forces the relay to

- necutral to an cxtreme position ang
this casc, +27 V ig applicd to the
P94 chronges over ito contact unit

shift the armature from the
closc contacts J and #., IM
relay P9-3 winding. Rclay

P
. to supply +27 Vv to the eraal®

of che eviweting motor in the Biphting sntenna 27y received
) ) . - F ey e -l 8 - .

cy the ermatvre from the contacts oFf i law
“ - ot Loy

‘ 29«3 whose armeture
Lo the motor Pield winding is gsupplied in the

iz relessced, Tover

slgnting entenna.
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From potentiometer R9~17 connceted in parallel with the

_ oontact of the power rolays fceding the armaturc of the
)

actuating motor part of the voltage is taken %o the foedback
- ‘winding (1, 2) of the polarized reclay.
S The magnetic flux set up by the
. the resultant megnetic flux of the control windings (3, &4
6, 5) and compensates for it., The relay armaturc is reset
the neutral position breaking the power supply circuit of
‘relay P9-4 winding.

Relay P9-4 drops out, the output voltage disappears,
with it the current and magnetic flux of the fcedback win
The resultant magnetic flux of the control

feedback winding opposes
and
10

windings actso
and the relay armature closes contacts Il and f., fThe armature
of the actuating motor is fed with the second voltage pulse,
and further the relays operate in the vibrating condition.

The D,C. component of the volitage
of the actuating motor in unit [i5
the sighting antenna at 2 speed 1o nagnitude of
the error signal. This results in a decreasc of the voltupge
Vapplied from the cutput of the sighting and bank stabilizution
unit (9) to the motor armature In the sighting
(-151) when the homing and the si
and the motor stops. If the error si
of unit ]9 ig larger,

The D,C. component of the voltzge
The motor starts rotating +the antenni

£111 larger value of tie crror signal

again

arpiicd to the armature
small,

reduce thie n
.
L

is the motor rotates

low

antenna unit
ighting
gnal apvlied to the input

antennag are masched,

the pulse widih increases and so does
applied to thz sighting

nt o higher
antenna nmotor.

speed, At o certain,

the motor rotates
flux produced by
is not caradble cf
by

i Telay remains
. P9~4 18 per

- 2pplied to the arm

the current diffcrence in the control
attracted oll the time. 26 & 1
menently engaged in operation

8t
at 1w This is becau

[+~

11 specd.

+he Teedback winding in The
sating for the magnetic £lux caused

compen

aturc of the actuating
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If the honming antenna starts rotating in the opposite

E

i

1

l

%

) direction, the input of unit [9 is furnished with an error i
' signal in anti-phasc. This increases the current in winding 3, . |
f : 4 of the polarized relay and decrcases accordingly the current ‘l
' ‘ ~ in winding 6, 5. The polarized relay together with the power t
{

|

1

|

1

relay opcrate similarly and this is fthe condition at which
contacts d and Il of the polarized relay closc, power relay
P9-3 functiong and the srmaturc of the actuating motor in the

sighting antenna unit is fed with the voltage of the reversed
polarity.

The waveforms of the pulses furnishcd to the
the actuating motor in the vibrating condition of Sac unit
I -151 relay and the error‘pulse corresponding to
shown in Fig.91.

The frequency of the same pulse depending upon the error

them are

signal is shown in Fig.92.

The value of the vibrating condition determinc

the range
of proportional regulation of the system. Thi

_ g characteristic
is dcpcndent upon the feedback control in the relay amplifier.

The feedback control is effcetcd by potenbtiomcter R9~17. The

vibrating condition valve decrcases as the voltage applicd to
the fcedback winding of the polarized relay decren

SCGS.
The output voltage of

the unit versug the current different

in the polerized rclay controel wincdings is shown in Fig.93.

The curve t1lt of Pig.93 dctermines the transmission
factor of the relay amplificr,

The output voltage of the unit versus the crror signal 18
shown in Pig.9%4.

nanping is cffected by ca
the anodes of the I,C., amplificr

i

x

|

wpacitor 09— connceted between \

o . o,

Ta the rclay amplifior pi-

ters (I, ¢) arc uscd on 2ll
thc incoming and outgoing leads,

+ . o] *.‘ .
¢ontact units of relays 19-1, P9-3, PY-4 have spark-
control circuits compescd of

- conneltors €9-9, €9-10, 09-11,
€9-12 and recglgtors H9-20, RI-21, n9-pn

b ng-—k..h
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;,r@duced by the conta ot units of power releoys P9=3 and PS-i,

i The sighting channel in uait 19 functions only when

inc radar is operated in MANUAL IT and AUTOTRACKING modcs.

; his is =chieved by that the input of unit J9 is conneected to
the rotor of the selsyn situated in unlt J-1511 only in thesc

- modes via the contacts of relay Ple-5 imstalled in the

.

' distribution box.

Ogncration of bank stabilization chonnel

—————-—-.———.——-.-.——.—..........-

The bank stabilization channel opcerates in cssentinlv +he ' .
R e L
 sanc way a3 the sighting channel. The only diffcerence is that i
+27 V is appnlied to thc contacts of the power relnys through !
the pilot switches installed in the cextrome positions of the

bank check potentiometer in unit 1.
Checlking Unit Performance ‘ ci

Protective and signalling circuits “

To check the performance, tuning and adjusinment of the 2
“unit usc is made of transformer Tp9-~1 to the filament winding : o Ef
éof which arc comnected potcntiometcrs CHRcK ( HOHTPONB) R9-77 ?' i
for the sighting channcl and R9-7€ for the bonk stabilization
channcl, ‘ !
From the gliders of these potentiometcis an artificial '
crror signal may be furnished to potentiometers GAIN ( YCUTEHUD)
of both channcls with switch B9-1 in position CHECK. Rotating ‘ !
the sliders of poucn+1ombtoro CHTCK varics the artificial . : v
crroT gsignal in amplitudc and phagc. In the prescnce of the
artificicl crror signal the unilt performance is cheekud bY .
ilet lamps JIH, type CM-30. )
Tanpy JH0=1 and JiH 9-2 erc in thc sighving channcl and

. . £ tr spplicd
Yight up depencing on tho polarity of the voltage =pl
znd hence indicat

-
v

L0 the srmaturc of the actuating motor !

Lo sense o retation ol tho motors
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e
Tanps JH9-3 ana JHo-4 serve the sanc purposc in the pay
channel. -
y | Lomps HI9-2 and HI9-1, typce MH-5, indicate 115 v,

400 cepes. and 300 V D.C. The 300-V eircuit is protceted by 2
0.25~A fusc, type UK.

For both channels test jacks I and I'2 ollow monitoring ¢
the crror signal voliage at the input of “the crror signal .
amplifiers. )

Jacks 1,4 allow monitoring of the input voltoges of the
phase detectors: jacks 2, 3, 5, 67voltagcs on the control grigs
of the D.C. amplificrs; test jacks -3, I'-5 and T-4, T-G 4
voltage between the ancdes of cach D,C, ~mplificr.: jacks % 4
the voltage zeross potentiometers CHECK (presence of an Y
artificial crror signal and Tilament voltnge of transformer

Tp9-1),

gourse and piteh stabilimation unit (-19)

The coursc and pitch stabi lzation unit is clcetrically
and structurally idcn:icnl with the bank and sighting
. . o

stabilization unit, Therefore the unit functioning, i.c
- ’ b’ [ AN

conversion of the error sirnnl 3 i
€ error signal voliage applicd to the input

“of the unit into the T
1 the D.C. voltoge taken from thce unit output

iz completely analogous te the functloning of unit -9, the
¢ stabilizing channcl is cnalogous

t o e et aa s .
O that of the sighting channcl, ang functioning of +he piteh

stabilization channc ", ;
wnnel, to that of the bank stabilization
channel.

Tunctioning of thc cours

10, rackine Unit o)

« IUTPOSC

—

&

I

s~ ! Y
The tracking unit ig intend.qd

. .
e} +tr +
antcenna in nll +the ool the homing

e oPerating modes of padam =TI
. - 3 1} - == e
During automatic trncking crror giamal
X . . - ! Rdondlad 4
the unit from +he sclcotudrsirnqwg conine 1
La=deb ] 3 2d
] - . i o4 l».
output of unit I7 and converted +o 7 Ce Sigmnl X
azimuth 1 orrn 4 . ‘e BhoHEis oontrollin
I and clevatlon amplidynes in the sutomatie i odese
ohUtomat tracking modes

-

-~
-
the

6= ]
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rart from the above, the feedback signais arc amplificd in the
+paoking unit which ore then added to the mrin gignnla, and

r 4 - control voltage 1s shaped for application +o the tracking motor

x ‘ in the autotracking and circular scanning modes. Besides,

1
&Y

shaping of control currcnis is made in the unit flowing

nrough the control winding of the ~zimuth amplidync during
auctor sconning and manual laying. !

2. Functional_ nnd_basic_circuits ' :

with regord to the functions performed +the unit wiring can
Le divided into the following circuits:

1. Circuit scparutlng the crror signal “rom the coloesed
gignnls which includes the ;3310v1“b elenents:

() AGC deteetor cmploying volve JN6;

(b) resonance T-scetion Tilter TG adjusted to frequency
10 CuDeSes

(¢) crror signal ~mpliticr and phasc inverter employing
- valve J1o-17. '
2., Circuits controlling thc azimuth ~and clevation

n

amplidyncs, cach circult including the tfollowlng similar

clecment s

(a) phasce deteetor with o filtcer in the asimeth ehnnnel
cnploying valves JLo-1 and J10-2,in tlc clevation cknnned,

valves JI10-8 snd J10-93
(b) shaping stage (squarcr) cmploying vnlve Mo=-3 in the
azimuth channcl and valve J10~10 in the clevation channels
(¢) D.C. cmplificr in the azimuth chamncl cmploying
valves JIlo-4, JI10-5,in the clevation channcl, valves JILo-11
and Jdlg-12,
N - 3. Circuits of the fecdback amplif in the ocimuth chonnel -
S wmploying valve JILo=7 and in tho u+CV°*10n channcl, vnlve :
ﬂl@—lhu rroh cireuit contoins a Gamping amplificry allowing

+

. sy ety cimouit
ng of the 0.0, enplificr usced in whc modn cizeult
11

4 1o obtained Trom the
" P e o -t AT L i"‘iur
sclayng dvring manual laying, cach consisiing O od arplii

&nd phage inverter:
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caploying valve JI0-15 in the azimuth channcl
' and  valve JIL0-13 in the clevation channcl.
' . 5. Tracking circuit consists of nan amplifier and o Dhase
[ inverter employing valve JN10-15 (usc is madc of the Sclsyn
. crror signal amplificr in the arimuih circuit) and a power
) amplificr employing vaolve J10-18.
. ' 6. Scetor scenning circuit which includes the following
. elements:

(2) phasc dctector cmploying valve No-21;

(b) dclayed multivibrator enmploying valve M1g-20 and

(¢c) D.C, ~mplificr JLO-19.

The block diagram of +thc troeckiz ng unit is chown in PLE,95
convenicnee relnys PLO-1 anéd P‘O~2 in the diagrem arc
substitutced by switches). The sahe
shown in Pig.2108,

matic dimagram of the unit is

< e | ] - .
2CPnfavion of cyror sipnal from sclected signal

During automatic tra :cking the ecircuit innut is fed with
selected sipgnals from the ragdar channel. In thc prescnce of
{an crror signnl these positive pulses following at frequency
n2 arc modulnted oy freguency CePsSoe

The modulation depth during automatic target {tracking may
vary from 0 to 10 ner ccnt. When the terges iz locﬁed on the
modulation denth may reach as mach ag 100 per cent and oven

j . causc fading ol ~ scrics of video nilses.

The input stavc o the crror sisnel cireuis employing
o i [ 1 -
pentode 6113 hao n ronote cutof? char racteristic and nerforms

el eaalokh yrion T3 L2 3
detection, omrliification end cutomatic goin control of the

- Uzed oo on oerror signal detector is the §rid circuit .
{contrel grid w oithede) of velve J10-16, Then positive ge1eo:m
pizvcls n?c rnished to the detcotow input, the grid cirouit
of vazlve J10-1C in the prescnce of pulses will earry grid
current and carvacitor C1o-~13 wily Soouire charge through the
inmternnl veoiotoneo (;qu-caznoac) of the valve ang 1oaé
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]

?rcsistor 0¥ the cathode follower at the output of the radar
ﬁLhc auuosolsotor (unit I17) (s8ce Pig )() ¥
puring the resting time the capacit 19 golng to discharge 3
through gridlesk R10-25 and the load regsistor of the cathodeo
fallower. The discharge time constont 1s much in cxcess of the
charge time constant which wes included in the grid-cathode
scetion, lead resistor of the cathodc follower and capacltor
¢10-13.
: The action produccd by the widencd grid pulsces on the
Cst age duc to prov1»10n of capacitor Clo-1l in “hic anode circuilt
51 cquivalent to the D,C, cvmpﬂncéf being applicd to the frid,.

L

The componcnt is ncdulated by the low froquency of the video Q
pulge cnvelope. :
gince valve 6K3 has n rcmote cutold characteristic ~nd ¢
fonoration is performed with a suificicntly lowge amplitude of

‘4he input pulses and auvtomatic grid dias, the automatlc gain

[44]

1conur01 in thoe stage ig effceted by the signnl, This ensu
:constancy of the crror signal ampiltude at the input of valve X

“ o

;fho_16 when the modulation dopth of the scleeted signals is ’

%

E Autonatic cain control of crrox ignal scparation s5ta
g
.E

AS scen from Fig.96 the control grid of valve o~106, ' ;
Etyﬁc 6%3, is coupled to resistor R10-25, ~nd the velve cathodu | j
'is ecarthed. The average valuc of the reetificd voltage of the ¥
?grid detcetor ig the ncoative bias on the control grid of
valve 63 (JLo-16). '

The operating point of wvalve 613 is sclceted so, that the
fixed bias on the control grid may be of the order of 0.5 Ve
» Changing the intensityof the picke@-up signals changes whe .
everage value of the reetified voltage across the deteetor load | ?
and henee the bias on the valve gride : i
] 02 receptlon of woaker signnls the =1 bilas of the valve
- decreases so that the goin fnohor of the giage inereascd -
'f(Sec‘Fig,gg) on reception ou stronger signals +he grid bing of

T TCentan do
the valve inercascs and the gtage galn inctor GO

TeasCle
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i As a result, the signal amplitude in the anodce cireuit

é
[
‘i
‘.
s appears to be independent of the intensity of the picked-up i
b . i
: |
l

signals,
‘_ : : As scen from Fig.99 the A.C. component of the anode
: % current of wvalve 6K3 is found independent of the input signal
i level. '

7o make stable the AGC regulating characteristic the mmuf
‘ grid of wvalve J10-16 is fed with a stabilized voltage of ;105“1
Vo from stabilivolt CI3C (JIL0-22) (See Fig.100).

The error signal from anode of valve J[L0-16 is taken
to the amplifier and then to the phase inverder employing
the triodes of valves JN10-17. :

The anode load of the'amplifying portion of the valve is

resistor R10-31 and T-section image filter RC tuned to error
signal frequency ¥ c.p.s.

Pilter RC is essentially two symmetrical T-shaped meshes
conreckad in parallel (¥ig.97).

Tuning to resonance frequency is effected by variable
resistors R10-28 and R10-29.

This filter is used to apply negative voltage feedback to
' ‘the grid of amplifying valve JJ10-17.

At the resonance frequency the filter offers a large
resistance,; and the voltage fed in anti-phase from the anode
to the grid of valve JJ10-17 is low. At all other frequencieé
heavy fecdback sharply rcduces the voltage gain factor.

The amplified error voltage is applied to the grid of the
left portion of valve JI10-17 functioning as a phase inverter.

The gain factor of the anode and cathode arms of the
phase inverter is near %o unity. The knob o~ variable resistor

. _ R10-131 serves to set the required error voltage gain factor .
' during automatic tracking,

-——--—--.-.........—......-

-—-_—--.—...

In autonatic tracking when relay Plo-l is baused to onerat%

 azimuth phase deteotors JL0~1, JI10-2 and olovation vhase
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ieteétors N10~8, I10-9 arec supplied with an error voltage
rpom the phase inverter omploying the left portion of valve

C10-17. .

' 7he phase detectors shape azimuth and clevation control : %
roltages out of the alternating error voltage and alternating {

. - soference voltages. The circuits of both channels are identical,
- inerefore it suffices to confine ourselves to consideration of
) - the azimuth cirouit.

7he phase detector uscs two doublc triodes 6HYC. The
control grids of these triodes are fed with the output voltage
of the phase inverter.

The square-wave voltage is applicd to the anodes of the
‘phase dotector from the anode loads of the squarcr using

valve J10-3.

The reference voltage to the grids of the squarer is
zpplied from the reference voltage gencrator in unit .

&

3

In other woxrds, the elevation

: reference voltage is 90° out of phase with the azimuth refcrence
i
:voltage., )
g Pig.98 shows the simplified diagram 0T the phase detector
%and squarer. .
: The squarer and the phase dc tector function as follows:
The squarer employs valve 6H9C behaving as an overdriven

: amplifier.

The squarcer grids arc supplicd with a sinusoidsl voltuge
' of the order ol 80 V. In the positive alternation the uiqu
' wave iz clipped by saturation of current, and in thc nug u1;v$~
alternation vy driving the valve to cut off. Thus, a8 & IV uit
- of the squarer opcration, its anodes arc mzintained at square
voltages which after being applicd to the vhagse detector

-~

ensure more accurate opcration of the latvers . are
, el tages arc
From the onodes of the squarcer the squarc voltag : o

. A" +he Phase dctecwo

iqp‘c sed on “he anodcs of both velves of the phade deteect

, 1o 4. wetin the other
connected to cach other. Onc triode 15 condu f89 |

e cut orr,

P
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Since the cathodes of the phasc detector triodes are
interconnected, then irrespective of the fact which triode ig
open cathode loads R10-49 and R10-50 will carry dircet anode
current dcvcloping o voltage drop of about 76 V. D.C. componey

E . of about +75 V is fed from the phase inverter to the grids of
. phage detector valves. Thus the bias on the valve grids of
the phase detector will be approximately -1 V. :
" . The phase detector cirecult has a cathode output, that is
' ' why its gain factor is lcss than unity.

When an error voltage is applied to the phase detcctor,
its output voltage will be the. recsult of thce comparison of the
error voltage phase with the phase of the refcrence voltages
obtained from the squarer anodes.

Congider operation of the phasc detector when its grids
are fed with an crror signal. Fig.10l presents the curves
showing the voltage warcforms in various parts of the cireuit
when the error signal and the refercnoe voltage arc in phase.

The crror voltages on grids 1 and 4 of valve JI10-2 are
in phasc with the respcetive voltagecs on anodes 2 and 5.

The crror voltages on grids 1 and 4 of wvalve JI10-~1 arc in
“anti-phasc with the respeetive anode voltages. In the first
~alternation the right portion of valve J10~1 and left portion

of valve JI10-2 arc open. The magnitudc of the anode currcnt
of the valves will be determined only by the voltages on

grid 4 of valve N10-1 and grid 1 of valve JI10-2.

Since grid 1 of

valve J110-2 18 fed with the positive
altcrnation, and grid 4 of valve JNl1o-1 with the negative ones

the current flowing through resistor R10-50 increascs and the
current flowing through resistor R1o-49 decercascs., The cathode

m\“

. . atiel o7 vrive U0er rigcs S oAhet af elve N10-1 £a1184
Tss bhf LeX ...lu.....‘..viun the lef

, £t poriion of valve J10w=1 end
right portion of valve Ni1g-2 appear 1o he oonduosigg? grid 1
of valve JJ10«1 is furnlshad with the negative alternation,

end grid h-of welve J[10-2, with 4he Positive ore. ™o ourrert

. . . K . .
pessing Ll Teaigvor TL0-un luercaBes oLein, and <he ourrer:
vassing *hrough reglstor R10-49 deeroeases accordingly.
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Ssistors will change in.the samé we
sus, when the error signal and the
dngc, the D.C. component of the cathodc voltage of valve
$0~2 1ncrcascs, and that of valve Mo-1 dcereases,

j 4 - The average potential of the oathode of valve Mo-2
ptained during tho,oyole\ia; in effcot, the control voltage
plled to the 1,0, amplifier, The reverse

o8¢ will result in o voltage drop bn the

0-2 and a voltage risc on the cathode of

the change of polarity o

lfage. T ‘ s ‘

. Operation of the phase'éeteotor whch the

% 6ut of phasc with :

103 and 104, LT

b During tho fiTStiduarter of the eyclc the right portion

f valve JI10-1 and left portion of valve JJ10-2 arc conducting, _

he magnitude of +the valve anode- current will be detcrmined : Ef

n1y by the voltage on grid 4 of valve JI1o-1 and 1 of valve pod

10-2. sinco grid 1 is furnished with the positive alternation, e

Bnd grid 4 with the negative alternation, ‘the current flowing o

f?hrough resistor R10-50 increascs, and currcnt #lowing -

In the sooond alferhation theLvo1tage aoross,thé.catﬁOde:
¥ as in-the firgt alternation

reference voltage arc in :

1 of the crror voltege
cathode of valve :
volve Mo-1, i.e. | L
£ the 1,0, amplificr control '

_ error signal is
the refercnce voltage is shown in Pigs

hrough resistor R10-49 decorcascs. The cethode potential Ce R
1 valve N10-2 rises, and that of valve JIL0-1 falls. RS S

, o .
At the time moment corres onding ‘to 90 phnsc, the left S
o BPOrtion of valve J10u1 end rigﬁt portion of velve J10-2 will be ..
 EPomentarily iwidizted into conduciion, In tle gouseqrence of
B 19 rotion gnit 1 ol velve

%ﬂlo—l and grid 4 of valve JH10-2 will start controlling the . .:j_ '_'j
%anodc‘currcnt of the valves. Since the voltage on grid 1 is a o

' gmaxinum and that on grid 4 1 a minimum, the esthodc potential © v
S §OT valve M1o-1 will rise, and the ecathode potential of valve
o #T10-2 w111 abruptly fall to minimum. The loft portion of valve
7101 and the rignt portion of valve JLo-2 will be mado to

Y
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conduct in the interval between the phasce angles from 90° 4

270° as o result of whioh grids 1 and 4 will control the anogz
current of the valve.

The cathode potentinls change with the grid potentials,
1t 270° the eathode potential of valve J110-2 is a maxime
and that of valve JJ10-1 1is a minimum. The change of the anode
voltage at 270° will result in that the right portion of
. valve JI10-1 and left portion of valve JIL0=2 are opcn, and the
P anodc currentsarc contfolled by grid 4 of valve J10-1 =nd grii;
51: of valve JI10-2. Since at this moment the potential of 5rid&'
e ig A maximum, and thc potential of grid 1 is =& minimum, the
cathode potential of valve JJlio-1 riscs sharply and that of valw

Lo-2 falls to 2 ninimum.

23 From this timc on to the end of the period the cathode
5 potentizl of valve JIo-1 will change with the change of
potentizl of grid 4, and the cathode poteomtial of valve J0-2
with the¢ change o potential of grid 1.

The cathode voltnge curve (Sce Pig.lo4) boing symmetricel
in relation to the initial level, the average value of both
cathode potentinls remains the same as it was with no error
voltage applicd to the grids.

i

- [ONRRY)
Thug, when the crror voltage is shifted im phase by =90

with respeet to the reference voltage, the control voltage is
ZCTO ‘

From the above two cxanples 1t follows thnt if the azimuth
phasc detector is furnished with an crror

target displacement in azimuth it will bo

bl

signal couscd by the

in phase with the
animuth reference voltoge and the azimuth control voltage 1S
obtainable from the output. This crror aignal crentcs no .
control voltrge in theelevatlion phasc detcctor, since the :

elevation reference voltoge is quadraturce-shirfted with the

azinmuth refercnce voltage. Since during avtomatic tracking the

grids of the squarcrs in the asimuth nnd clovation chamnols 2Y¢
fed with voltages shifted inm phase by 90° wi %

N

th cach other av

b
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o cacney D, the outvut voltages ol the detectors are found

ﬁf_iortional to coo ¢ For the clevatlon phage dctector and to

Y!ﬂf@ +or The arimuth vhase deteetor, where @ is the angle

+ weonm the axls of the couisigncl monc and target direction. .
che phase detector output volitacse is fed to the contrnl -vids ot

?.‘}, palunced :mplifior throvgh filter #10-51, ¢10-24, and L

026 ‘
LominaBR, £10-25. :
) . " ohc output control voltoges of the.nzimuth and elevation

.o 3¢ detcetors may be sct cqual by means of resictors RIC-49.
o 60, RLN=73 und D10-74, which allows to sct the cqual rate
)-"; . ) - ~

rollowing up in both dircetions.

che D.0. balanced amplificrs in the asimuti and glevatic: '
» ¢, _muels enploy tetrodes 6I6C. The circuiis of the channels P

i o identical, therclore tuncticning of the aszimuth D,C.
: ~»plifier is only considered.
~ The anode loads ol whic DLC. anplifler valves ure the
~wtrol windings of the amplidymese.
~hc¢ cathodes of the D,C, amplivicy alves are couplcad

f i ‘rcetiher and o voltage drop ou about Tul Vv is develovned 2CTreSs !

~enigtors R10-56 ond R10-57.

1tepe drop is independent o
balrndged unit (the

R . ] hey 1 - +hoe
iaercage ol voltage on one grid‘is inverscely proportional o Tl

1 : 5 Tre througn thc
oo drop on thiie other, the »egultant current throud:

su-hodc load remains invarizble). . ¥
41 the control grids of _ .

é ' In the abaecnce of an ervor silgnal e :%‘ﬁ e -
. ne DL, enplificr are supplicd with GQPTOX.+10 Ve Luhj he fi
2itial biss of the D.C. anplifier valves will be about '? Ve ;
Q - 1o vesistor in serics with the ixcd ome SCTVEs £o¥ 5

e
¢ aéjusting this operating voltage.
¢ Balonee of the D.C. smplifier is schioved bJ
the damping amplifier

+he ndjusiment

£

57 sereen voltages carried out with
a4 potontiometers locaicd in the contr ol Panu*. Yol with
B - % of phasc wiv
Lo “hen the orror voltage 'is-zero of 90° ou: o) jcu
, oothe
“le reference volt agc, the anode currcntc O vl «Ca

-

i e e s e e . TR AT T
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anplifi  caunl oA ATMTA e ,
plifier arc cquel nnd oppose cach other. In thig instane

e

?

-4 e oo L N e
the entput voltage of the amplidynce 1s zoero

*

: ‘ The unbalance voltage which is the resuls

‘ detector functioning
currcnts in the

»

of the DPhage
causes a proportional unbalance of

R

<+ : s . i

. ] control windings of the amplidync, the signg g

T unbalance § . . , \ i

unbalance of those current changing with +he roversal of a

polarity in the . : . k|

: € y he phasc detector . output voltagec, This, in 1

turn, causes apnearance of the corresponding voltagc turning
: o +dedl

; i orff the homing antenna, :
: L
| : Antihunt _circuits and baloncing in arzimuth :
: bl iy 0 B N s S C L #
? and clevation channels
v ! e
K

Tao ensurc sfability and

b . ] b
‘ ‘ the required dymamic characteristis
of the systen incorporating

Tracking wnit J10 and homing
SR 1 e s c L

antenna A1, 1% is provided wi<h antihunt circuits (flcxible
.oe_‘lcw " s IR SRR
feedback) by meang oF which regulated voltages arc injccteds
The simplified “ccdback and bal

. ance cireuit diagram is shown it
Pig.1l05.

As the feedback circuits in both channcls

| : only +the azimutn channel is ﬁnder considcra
{ m o ,

; The fcedbaek voltage iz applied

; ports s 4 to the grid of the left .
M rTion o he Ffeodhanls A o L

! Tecdback damping amplificr valve JIo-7 from the
i armaturc ternina

2ls of thc i i

é : -3 0T thc azimuth actuating motors via special
£ circuits RC in unit

g

arc identicel,

sion.

fod with - A=133,%he grid of the right portion is
¢d with balancing voltage of +27 ¥ from the aivider in the
control nanecl., .
Loz sgigtors T s o -
Load resistors R10-58 ang R10-59 in *thc anode sircuits of
- the damping amnlificr ore

y . "l -~ LY
e e i e T¢ at the game time bazlance registors
che D,C, anplificr sercen srids.

, . : In The common cathede cireuit of valve J.o-7 a voltage

- . s N 3
drop of zbout 32 Vv 4ig develoned rerosg resistor Rlo-66. Thué’
ics on both gridg will_bc approximatélv -5 V. This
the athede cnsures = )

: h
t & valancad invut of %
b I, ) 4 . ‘ ) l U]a O
; amplificr with the unbalancced input

A ]

[t
5 g
‘O
u ™
oK
ek
[
o'
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Yhen the anode currents of the damping smplificr are
“021, the potentials of the D,C, amplificr sercen i
s cqual and will not causc unbalance of the nrod¢ eurrcnts :

;> gsing the control windings of +thc anvlidyne,

| Potentinl to the grid 28 +he right-hnnd triodc oy the
: djemping amnlifier is aprlicd from variableo ros igtor R1I

.

oy changing 1ts value it is Possible to oet o finc brlﬂr
.0, ampliticr ancde currcnts, thoereby compensating for

A

rend in characteristics oi the valves and clireuiz

plumcnis.

. fen & poglvive signal apuenrs on tho crid of the Loit
riode of the damping amwlifier, the ~node currcnt inercnsces,
woicen in turn, couses a voliage dron on the gercer srid o2 the
D.C, ~mplificy,

: But cven the screcen grid potentinl ol the D.C., amplificr
sceond valve does not remain constant.

Indeced, the bias risc on the  grid of the right triocde
‘avplicd from the cathode cireuit causcs dhe anode current of +
right triode to dcercase thercby inercasing the sercen grid
rotential of the D.C. amplificr.

18 o result of such variotion of the acrcen »otuntiala

1

bt
ot
(9]

o symmetrical unbalance of the D.C. amplificr anode currents
iz obtaincad.
“This unbalance is furnished reversed to the D.C. amplific
e compensate Lfor the unbalance causcd by “hie crror "olu~0 Ca
“This damps the diverging oscillations of the cntirc syst
Charging to circular gscanning i cffceted by unbalaned

-

The unbaleneing voltage is supplicd from o volia

’J

Siteated in the control pancl. The degrec of w

CYEL rate of gsanning.
V“r*aulon of the degree of unbalnncc during gire
potentiometer Ill-

s Py

ftanning ig carricd out by mcans of
.T,"‘f'*"". . -.-‘- - v s . . . Ay
“ATT OF CIRCULAR SCAINING, CHOPJHPYTLIONCKL ) located dn thc

S Sy

- introl nancl,
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